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PREFACE. 


In publishing the Scienc e l^rimcrs on Chemistry nn<l 
Physics, the object of the Authors has been to stale 
the fundamental principles of their respective sciences 
in a manner suited to pupils of an early age. They 
fitel that the thing to be aimed at is, not so much 
to give information, as to en(lca\our to discipline 
the mind in a way whidi has not bilheito been 
customary, by bringing it into immediate contact 
with Nature herself For this purpose a series of 
simple experiments has been devised, leading up 
to the chief truths of each science. 'These experi- 
ments must 4)C performed by the teac her in regular 
order before the class. The power of f»bs(*rvation 
in the juiiuls will thus be awakened anti strength- 
ened ; and the amount and accurac y of ih-' know- 
ledge gainetl must be testeti and int reasetl l^y a 
thorough system of tpieslioning. 

The study of the introductory Primer will, in most 
cases, naturally precede that of the abo\)- named 
subjects ; and then it w ill prc^bably be found best 
to take Chemistry as the second and Physics as tlic 
third stage. 

Boxes containing the whok of the chemical a] 
ratus and specimens needed for the experiments are 
supplied by the Publishers • or by Messrs. Jas. Wc ><> Icy, 
Sons, and Co., Market Street, Manchester ; Messrs. 
Mottershead, Manchester ; ^lessrs. Mawson and .Swan, 
Newcastle* upon Tyne ; or by J. Grifhn and Sons, 
Ga^ck Street, Covent Garden, W'.C , for ^^5 lor. 
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FIRE AIR WATER EARTH. 

I. Here arc four things which wc all know 
well ; let us try to learn what Science 
teaches us about them* 

The study of these matters constitutes a part of the 
study of nature ; it is in nature or in the visible world 
around us tliat these things oc( ur, it is there that wc 
learn what they are, it is there that wc can handle 
and examine them. 'I'his handling and examination 
of the objects of nature is < ailed Experiment ; and 
it is cither by observation or by experiment that we 
learn all we know ab<mt what goes on around us. 
To find out and explain what goes on when the Fire 
bums, to tell how the Air makes the fire bum or helps 
the plant to grow*, to find out what Water is made of, 
and to learn the many different substances which can 
be dug out of the Earth ; all this l^longs to the 
Science of Chemistry. Let us try to get hold of 
a few ideas about these interesting subjects ; and first 
let us remember that in the Introductory Primer wc 
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haYc been taught the meaning of the words solid, 
liquid, and gas. I'he earth on which we stand is a 
solid, the water which runs about on the earth’s 
surface is a ]i(|uid, and the air which surrounds the 
earth is a gas. You have learnt some of the common 
properties of earth, water, and air ; you have now to 
learn something new about these things, what they 
arc made up of and how their several parts can be 
obtained. Before we begin to study the chemistry of* 
air, water, and earth, let us start with Fire, about 
whidi you have not learnt much. 


FIRE. § I. 

9. What happens when a candle or a taper 
burns ? , 

The wax as well as the wide of the taper gradually 
disappears us the taper burns, and at last all is gone 
— wick, wax, and all. What has become of the wax? 
it h;is disappeared. Is it lost ? So far as our eyes are 
concerned certainly it is lost, but so is the ship which 
sails away on the sea, and yet we know that the ship 
stin exists though wc do not sec it ; and so the lump 
of sugar appears to be lost when we put it into a cup 
of hot tea, and yet we know that the sugar is not 
really lost, because the tea is made sweet Now w^e 
must look for the wax of our taper in another w-ay ; 
we must put a question to Nature for her to answer, 
and wc shall always fmd that our question, if properly 
asked, is always clearly and certainly answer^ We 
must make an Experiment, and if this is properly 
made we ^lall never fail in the end to get the infor- 
mation wc want. 



Experiment i. — Let us burn our taper in a clean 
glass bottle with a narrow neck ; after it has burnt for a 
few minutes we notice that the ilaine 
grows less and less, and in a short 
time the taper goes out This is the 
first thing we liave to observe. AW* 
next have to <liscover why the taper 
goes out. For this put pose let us 
«ec whether the air in the bottle is 
now the same as it was before the 
candle was burnt. How can we 
tell this? Let us pour some clear 
lime-water' first into a bottle 
filled with air in which no candle has burnt, and 
then into the one in which our taper burnt. You see 
the dififercni^c at once ! In tlu: first bottle the lime- 
water remains clear, in the second it be( umes at once 
milky. Hence W(.* see that the air has been changed 
in some way by the burning of the taper. 'I his niilki* 
ness is nothing else than chalk, and chalk is made 
up of lime and carbonic acid. Carbonic acid is, 
like common air, a colourless invisible gas which wc 
cannot see, but which wc fiml turns the lime-water 
milky, and puts out a burning laj^cr. Part of the wax 
has been changed by burning into ihi.s carbonic acid 
gas ; that is, the carbon or charcoal of the burnt 
wax is to l)C found again in t,hi5» invisible gas. Some 
of this carbon you may notice going away unburnt as 
5mokc or soot ; and if you (piickly j>rcss a sheet of 
while paper on to the flame so as not to burn the 



* Made by Idtinjj a piece (ti freah stand in water, and 
‘“‘ ing it tip, and ifw n Ictimg the water grt denr 
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paper, you will see that it becomes stained with a 
black ring of soot or carl>on. 

3. Besides carbonic acid gas there is 
another substance formed when the candle 
burns, viz. Water. 

V'ou may pcrliaps think it strange that water is 
formed in ihc hot finnu*. Still a simple experiment 
will show yon th it this is really the case. If wate( 
conns off from the Ikiinc, it will be in the state of 
hot stc.im, wlrit h yon cannot see, hw what wc com- 
monly rail Rtt-am ( oining rait of the boiling kettle i.s 
not steam, but fuK- drops ot watt r ; and if you had a 
glass kettle, and ( ouhl look inside it, you would see 
nothing above the boiling water, because steam is an 
invisible gas like t arl>oni<' n< id and common air. 
Now* as the steam from the kettle becomes small drops 
of water when it tools, so the hot air coming from the 
burning la|H’r, it it c ontains steam, must deposk the 
steam iu the form of drops of water when it is cooled. 

Kxi r.kiMKM 2 , — All we need to 
X whether steam is given ofl' 

from a burning eantilc, is to hold a 
< ohl, dry, bnglu glass, such as a 
tumbler, over the (lame of our tajKjr. 
see that the bright glass is at 
^ tnu:c dimmetl, and if you look carc- 
W fully you will notice the little drops 

of water w'hich bedew the inside of 
f W I lie glass. If we w'cnt on for some 
^ time, and if wx so arranged tlie cx- 
[Hrriment as to keep the glass always 
cool, wc could get a wine-glass full of water by bumittg 
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a candle, and the water thus got is like all other 
pure and good water, except that it may perhaps taste 
a little of soot. 

Let us now look back as to what we have learnt 
about our candle burning ; for it is most important 
always to get clear ideas^ first, as to what we want to 
prove by our experiments, and secondly, as to what 
we have to learn from them. 

\Vc want to know what happens when a candle 
bums. W'e have learnt — 

I. That the candle soon goes out if it be hiirnt in 
a bottle of air. 

a. That a c(dourless invisible gas calletl carbonic 
acid is fonned in the bottle after the candle has burnt. 

3. I'hat the carbonic acid gas comes from the car- 
bon or soat contained in the wax. 

4. 'I'hat water is also fonne<! when the candle 
burns. 

We therefore have learnt that the wax of the candle 
has not been destroyed or lost, but that it has 
changed its form and ha.s }>een converted into 
carbonic acid and water. 'I'his sort of an entire 
ctmnge is called a chemical change. No ont? 
could have foretold that the wax would have changcMl 
into nvo totally different substances ; it is only by 
making these careful tritils that w c learn what hap|>cns 
in such cases as these : hence Chemistry is called an 
Experimental Science. 

PIRB. I IT. 

4. When a candle bums nothing Is lost. 

— Otir experiment with the taper gives us at once an 
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Having then caught these gases, we discover that they 
arc heavier than that part of the original candle which 
has been burnt How can this be explained ? Why, 
only by supposing that something having weight has 
been joined to or has united with the substance of the 
taper to produce the two gases in question. This sup- 
{K)sition turns out to be correct, and this something is 
another colourless gas which partly makes up common 
air, and is called oxygen gas. Now we can mor^ 
clearly understand what goes on when the taper bums. 
Whilst the act of burning is going on, the substance of 
the wax (or coal) is uniting chemically with the 
oxygen of the air. The carbonic acid and steam 
formed are the results of that chemical union. 
These gases weigh morc*than the wax (or coal) which 
is burnt, because they contain something else besides, 
viz. oxygen taken up from the air. If we had weighed 
the air, we should have found that the air had lost 
exactly as much weight as the burnt wax (or coal) had 
gained, viz, the weight of the oxygen. 

5. What we have learnt. 

Now we have learnt two most important things 
about the burning of a candle, (i) that nothing really 
disappears or is really lost; ( 2 ) that the i>arts of the 
candle arc uniting chemically with the oxygen of 
the air. 

By making tliese three simple experiments, and by 
trying to find out what Uicy teach us, we have learnt 
more about Fire than all the andentc knew, so that 
you now understand the use of experiments; and when 
you come to read the Physics Primer (Artides 48 and 
75)> you will learn still more about the A^aty re of IJeai. 
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Let US, however, go on a step further, atid let me 
tell you that in all the experiments which arc given in 
this book, or which you will ever make for yourselves, 
you will always find the same truth come oni — that 
no substance is ever really lost. We can* 
not really destroy, neither can we really 
create any substance. Another fat t which you 
have learnt from the burning candle is also true in 
other rases, viz. that w'herever f hcmit al union is 
going on there Heat is sure to be felt, ami when 
that union goes on quirkly we see Flame or 
Fire. 

6. Heat felt when chemical union goes on. 

I^t us make two experiments about this. 

KxFF.mMKNT 4. — 'Fake a lum|» of quicklime, put 
it on a tin plate, and pour over it boiuc cold wate r ; 
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you will soon see that the water and the lime both 
begin to get hot, and the water hisses on the hot lime 
till at last it boils, and clouds of steam are given off. 
ITtc bme remains on the plate as a fine dry white 


to 
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powder, called slaked>lime. We have only done 
what the bricklayers do every clay to make their 
mortar ; we have slaked the lime. Why should all 
this hea\ and steam arise? It arises because the 
water and the ejuie klime have combined together 
chemically, and the result is slaked lime. 

Experiment 5. — Put some yellow powdery flour 
of sulphur on the boUouj of a small glass flask, and 

above this put in- 
t(j the flask some 
bright copper 
turnings. Next 
])lare the flask on 
I I an iron stand, and 

pose of boiling the 
^ sulj>hur. We Will 

^ jdaie tlie lamp on 

a common plate, 

to catch the sulphur if the flask should chancx* to 
crack. Now look what happens. First the yellow 
sulphur melts ; it gets darker and darker in colour, 
and at last it boils. Now the boiling suljdiur 
touches the copper turnings, and we may remove 
the lam[), when we see that the turnings first become 
red-hot and glow with a splendid lurid red light, 
and then melt and drop down to the bottom of the 
flask. When the flask is cold we break it open, and 
And that it contains neither bright copper nor yellow 
sulphur, but that a black substance is found at the 
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bottom. WluU is this? It is a chemical com- 
pound of the two diflerent things, copper and sul- 
phur ; the copper lias united chemically with the 
sulphur, and whilst they were joining heat was given 
off, or the copper took fire anti burnt. 

7. What we have learnt. 

Now' I think you have learnt that where there is 
Fire there chemical union is going on, whet'ner it is 
a taper burning, or coal burning, or a iiayrick on fire, 
or a house on fire. In all these we have the same 
thing going on, viz. chemical union of the parts ol 
the burning body with the oxygen of the air. And so 
from Fire we get to Air. 


AIR. I HI. 

8. About the Air. 

I low do you know that there is anything between 
)OU and me in this room? What makes you say that 
there is Air out of doors? If you move your hand 
and arm cjuickly round and round, you will feel a 
draught of air through your fingers ; if you fan your- 
self, you feel the air passing over your face. Out of 
doors you notice the Wind blow, you sec the trce.s 
or the clouds moved by the breeze, and this breeze is 
only the air in motion. What makes the sails of a 
windmill go round and round ? 'I he wind, you say. 
Well then this wind which blows sometimes so hard as 
to uproot trees and wreck ships is only air moving. 
But if the air is still and quiet, how can \\e tell that it 
is present ? Certainly not by seeing it, because air is 
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invisible, but by making an experiment we at once 
Icsim something new about it. 

9. What the air contains. 

Experiment 6. — Here I have a bell- jar open at 
the bottom and furnished with a neck, and a cork at 
the top (an old bottle with the bottom cracked off 
will do ver)' well). I will put the bell into this basin 
of w^atcr, but first wc must float on the water a little • 
china <lish with a small bit of dry phosphorus as big 
as a pea on it, and light the plio j honis with a match. 



I^osphorus is a very <langerous substan( c, and much 
care must be taken of it, as it is vciy apt to lake fire 
by itself, and may burn your fingers Kadly. Now you 
see the bright flame of the phosphorus burning inside 
our bell-jar. After a while it goes out, although it is 
not all burnt, and we will let the l>elbjar stand 
until it is cool. Vou notice that the white smoke or 
fumes which were made by the burning phosphorus 
haVc now disappeared, and we have a (|uantity of air 
t^ft Ihit you will at once sec that there is not so much 
air left as there was when w'e began ; the jar full 
of air to start with, now there is a good deal of water 
in the low'er [)art of the jar. Ixt us next ask our« 
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selves, is the air which remains tlic s;ime kintl of air 
which wc took? We take out the cork of the bcU jar 
and plunge our burning taper into the gas; why, at onre, 
it goes out. We liglu it again with a match, and 
repeat the e\i)erimeni ;* again it goes out when we 
lower it into the bell jar. I'here can be no iloubt 
about this. Something is left after the phosphorus is 
burnt, which is different from wliat was in the hell-jar 
at first So that you see there are really two different 
kinds of air in this room : one kind of air (caller! 
Oxygen gas) unites with the phospliorus forming 
those while fumes, niid this <lisapj>CMrs and water 
comes in to the bell j:u in its place ; the other kind of 
air (called Nitrogen gas), whi( h is left hehiinl, piits 
out the burning taper, and is therefore <|uile aditierent 
thing froyi oxygen. 'I hus we have learnt not only 
that there is something, which we call air, in this room 
and in this bell jar, l>ut that there are two separate 
things (both inviahlc gases) called oxygen and 
nitrogem What a gre.it ileal so simple an experiment 
may teach us ! Si iem e is always simple and plain 
when we go carefully forward, and when we make sure 
to understand each step we take. 


AIR. 9 TV. 

to. What goes on when we breathe the air. 

We now know that whenever a candle or other 
thing bums in the air a chemical union is going on 
between the substances composing the candle and the 
Oxygen of the air. I'hc burning wax candle is pro> 
dudng carlionic acid and water, l>ecausc the carbon 
and hydrogen contained in the wax are uniting with 
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oxygen ; we must light the candle before it will burn, or 
wc must start this union. The candle flame is hot 
because this Oxidation is going on : when you blow 
the candle, the flame is cooled and goes out, the wax 
no longer combining with the oxygen. 

The oxygen of the air is as necessary for the life of 
men and animals as it is for the burning of candles. 
You know that we must have fresh air to breathe : if 
wc do not get enough fresh air, we shall be suflocated , 
and die. 'I’liere arc many dreadful stories told of 
people being suffocated on board sliips in storms w'hen 
the hatchways had been nailed down to i)revent the 
wiives from sinking the ship, or in coal mines, or in 
wells where foul air had collected. Now' let us ask the 
question, what is going on w’hen we breathe ? Do 
men and animals ]>roduce any chemical qhanges in 
the air which they breathe like the burning candle or 
phosphorus? Here a simi>le experiment will soon 
plainly answer this <jueslion. 

Experiment 7. — Pour some clear lime-water into 
a glass, and then blow the air from your lungs through 
the liquid by means of a .straw or a piece of glass 
tubing. You will soon notice that the lime-water 
has become milky; e.\actly the same effect has been 
produced as was noticed when you burnt a taper in a 
bottle (Experiment 1 ) ; the milkincss shows that chalk 
has been formed, and the chalk shows that carlxinic 
acid gas has come out of your lungs. For this car- 
bonic add gas did not go into your lungs with the air, 
because if you shake up lime-water with common air it 
does not get milky. Hence wc learn that the air you 
breathe out diflfers from the air which you breathe 
in by containing large quantities of carbonic acid gas. 
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Where does this gas come from ? It is the same gas 
which is always formed when a candle bums. Can our 
bodies be really burning like candles? You will say 
at first, No, certainly not, for we do not fed hot like a 
candle flame. But then 
you will think. Why ! I am 
really hotter than the table 
or walls or anything which 
» is not alive. So is the dog 
or the cat ; so are a great 
number of animals. But 
when these animals cease 
to live, or when they cease 
to breathe, then they be- 
come cold like the walls 
or the tabl«. The breath- 
ing of animals is therefore an act of oxidation. 
The air passes through the nose and nH)Ulh down the 
throat'into a fine network of very small tubes called 
the lungs. At one side of these thin tubes is the air, 
at the other side is the blood, and the oxygen of the 
air passes through the thin sides of these air-pas^:lgefi 
into the blood, and there it combines with the dead 
carbon contained in the Ixxly. \'ou may easily con- 
vince yourself that animal bodies contain carbon, by 
noticing that a piece of meat becomes charred or 
converted into charcoal or carbon when it is partly 
burnt by placing it before a hot fire. Now this airbon 
of the body forms carbonic acid when it unites with 
oxygen, just as the carbon of a piece of wood docs. 
And the heat which is given off in each case is exactly 
the same. If wc were to get a bottle full of pure 
carbonic odd gas from a burning taper, and the s.amc 
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ftizctl bcittlc full of pure carbonic acid gas from our 
lungs, the heat which is produced in our body by the 
combustion of our animal carbon, in order to get this 
much carbonic arid gas, is the same as that given off 
by the burning of ilie candle to get the same quantity 
of the same gas. We do not see any flame in the 
animal because the heat of combustion is spread all 
over the body ; if the oxidation took place in as small 
a space as the wick of a candle, then we might expect* 
to see a flame, but as it is the blood running through- 
out the l)otly simply keeps the whole warm. 

'J'hus byaT)othcr experiment we have learnt (i) that 
animals t.ike in the oxygen of the air into their lungs; 
(a) that there the oxygen goes into the blood ; and (3) 
that there the oxygen is used to hum uj) the waste 
carbon of the body binning carbonic acid, thereby 
giving rise to animal heat. 

AIR. V. 

II. Let us ncKt ask what sort of action do 
Plants exert on the air ? 

Again n*e must ha\c recourse to experiment, but 
this lime one which will last some days. 

Expf.kimknt 8. — If you sow some mustard or cress 
seeds on a piece of common flannel kept moist by a 
little water contained in a plate, the seeds will soon 
begin to sprout, .and if you keep them in the light they 
will continue to grow until after some days you may 
have a fair crop of mustard and cress plants. Whence 
did the growing plants get the materials necessary to 
form their stalks and their leaves? not from the 
flannel, fur that remains uncltanged ; not wholly from 
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the seeds, for the plants weigh much more than the 
seeds ; not from the water alone, because the plants 
are building up stalks and leaves containing Carbon, 
and this substance is not present in water. Where 
does the plant get the carbon it needs ? From the 
air, we answer. Our previous experiment showed us 
that animals are continually giving out carbonic acid 
gas in their breath, and we are therefore sure that 
this gas must be present in the air, although perhaps 
in small quantity. Let us sec whether we ( an find out 
that there is a little carbonic acid in common air. 

Experiment 9. — Pour a little clear lime water into 
a shallow saucer or clean jilate, and allow it to stand 
for a few minutes, either in a room or in the open air, 
then move it about and pour it into a glass. Vou will 
notice th3lt a thin white film has been formed on the 
top of the lime-water. 'I'his film is clulk or c arbonatc 
of lime, derived from the union of the c irbcmic 
acid contained in the air with the lime. It takes 
some time to form, and then only is seen in small 
flakes or films, beruusc there is only a \ cry little ( ar- 
bonic acid gas in the air. But this small quart* 
tity of carbonic acid serves as the main 
food of all the plants which grow on the 
earth. 

12. Growth, of plants. 

If die plant uses carbonic acid as its focxl, and 
produces therefrom w<xk1, and fruit, and leaves, all of 
which need carbon to form them, what becomes of 
the oxy'gcn which we kncjw is united with carbon to 
form carbonic acid ? We must as usual go to nature 
for an answer and make an experiment 
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Experiment io. — Take a bunch of fresh green 
j^Nj^vcs — watcr-crcsscs answer well — and place them in 
a large bottle, then fill the bottle quite full of fresh 
spring water, so that no bubble of air is left in the 
bolile. 'I’lirn the mouth of the bottle, full of water 
and leaves, tlownwards into 
a basin full of water, and 
j>lace the bottle and basin 
in the strong sunlight for 
an hour or two. If you 
then carefully examine the 
leaves, you will see that 
they are covered w'ith 
small bubbles, and that 
more of these bubbles 
have collected at the top of the bottle, Thesb bubbles 
consist of pure oxygen gas' derived from the car- 
l)onic acid contained dissolved in the spring water.^ 
Plants have the power in presence of sun- 
light of decomposing the carbonic acid of 
the air, taking the carbon to build up their 
stems, leaves, &c., setting free the oxygen as 
a gas. 

Experiment ii. — You probably know that green 
plants will not grow in the dark, and you may under- 
stand why this is so, if you repeat the last experiment ; 
but instead of placing the bottle of spring water con- 
taining the leaves in the light, put it in a dark cellar. 



> Thi* may he sihown if ll»c gas is present in tnffictent quantity 
t*y transfciring the cas to a narrow test tutjc, and exhibiting the 
rc'ignition of a red-hot splinter of wood. 

• By adding lime-water to the sprii^-water a milkincai ot 
ehalk will be produced, showing the exislcnce of carbonic 
the latter. 
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You will then not notice the formation of any bubbles 
of oxygen gas, even after standing for many hours, and 
you will learn that sunlight is necessary in order that 
green plants may decompose carbonic acid, and there 
fore necessary for their growth. 

13. Action of animals and plants on the 
air. 

Let us now reflect for a moment on the difterent 
changes which animals and plants prcKliice in the air. 
We have learnt that both tht\se sets of living beings 
are constantly causing important chemical alterations 
in the air, so that chctnisiry has not only to do with 
the changes which occur in deatl or inanimate matter, 
but also is nearly concerned in the very' life of every 
animal ami vegetable existing on the globe. Now wc 
have learnt that — 

Animals inhale (breathe in) oxygen, and exhale 
(breathe out) carbonic acid — give off heat— arc con- 
stantly burning. 

Plants inhale carbonic acid gas, and exlialc 
oxygen, — take up the sun's light anti heal, without 
which they cannot grow, — arc constantly forming 
material which will burn. 

Here you see that the part played by the animal is 
exactly the opposite of that played by the plant ; the 
animal renders the air impure by constantly breath- 
ing out carbonic acid ; the plant constantly tends to 
purify the air again by taking up the carbonic acid, 
and breathing out (by means of its leaves) oxygen 
gas. This balance between animal and vegetable life 
is well illustrated by the Vivaria, now so common, in 
which small water-animals and walcr-plants grow in a 
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gk>bc shut off from the air ; the carbon contained in 
the carbonic acid evolved by the animals is set free 
\)y the plants, and is just sufficient for their growth, 
whilst the oxygen at the same time liberated serves 
for the respiration of the animals. 


.WATER. § VL 

14. What is Water made up of? 

You have learnt in the Iniroiluctory Primer that 
if 1 put a piece of u c into a glass and heat it over 
a lamp, the solid icc cliangcs into liquid water» 
and, if I continue to heat the water, it begins after 
some time to boil and forms gaseous steam. This 
steam is an invisible gas, quite different in its pro- 
perties from the liquid water which is gi)t by cooling 
It, Let us see if we can get anything else from water 
than steam, by treating it in diHercnt ways. 

F.xrtHiMiM 12. — Instead of sending heat into the 
water, by which I only get it to boil, 1 will send a 
stream of electricity through the water (to which I 
w ill add a few dro|)S of and to allow the electricity to 
j)ass more easily). I use four cells of a Grove’s t>aUery 
(a description of which is found in Article 87 in the 
Physics Primer), and the electricity will pass into the 
acidulated water by the two platinum wires passing 
through the cork at the bottom of the glass funnel, 
when I join these with the copper wires from the 
battery. 

What do we notice the instant wc join the wires ? 
The water near the wires seems to boil, or effervesce, 
owing to small bubbles of gas Inring given off. These 
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bubbles cannot be steam, because steam, if formed 
near the wire, would at once be condensed by the 
w^ater near it, and these bubbles rise up through the 
cold water. Let us try to collect these gases ; and we 
will see whether the bubbles from the one wire are 
the same as those from the other. For this purpose 
we will put a small test tube filled with water over 
each wire, so that the bubbles as they rise round the 
Virc must be all caught by the tubes, which arc both 



of the same si^e. V/hal do we notice as th.: gases 
collect ? Why, that in one tulie we arc getting ju&l twice 
as much gas as in the other. Now one of the tubes 
is quite full of a colourless invisible gas, whilst the 
ollter is just half full. Next let us see what sort of gas 
we have got. 1 take the tube which is half full of gas 
and lift it out of the water by placing my thumb cm 
the mouth, and tJien, turning it up, 1 bring a ted^hot 
bit of wond into the gas ; th« red-hot 9pluitm at once 
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bursts into flame ! What must we conclude ? That 
the gas is oxygen, for we have learnt to recognize 
this substance by its re-lighting a red-hot taper. 

Now we will try the same exi>eriment with the other 
tube, but we will hold its mouth downwards, for a 
reason which we shall soon understand. The red-hot 
spark docs not rekindle ; but if we now bring the 
flame of a taper to the mouth of this tube, the gas 
itself can be lighted and is seen to burn w ith a pale* 
blue flame. Here we have to do with something 
quite diflerent from oxygen ; this gas is called hy- 
drogen. 

If w’e repeat this experiment with the water, 
we shall always get the same result, and by no other 
treatment that we know of can w’e get anything 
else but oxygen avj hydrogen from water. Hence 
wc conclude 

(1) That by means of Electricity we can 
split up or decompose water into two perfectly 
different substances, oxygen and hydrogen 
gases; and into nothing else. 

(2) Tliat water, when thus decomposed, 
yields twice as large a volume of hydrogen 
as it does of oxygen. 

15. We can get hydrogen from water in 
several other ways. 

Experiment 13. — If I throw a small pellet of 
the metal potassium,* as large as lialf a pea, on to 
the surfecc of water contained in a basin, we sec 
that the metal, being lighter than water, swims on the 

^ Thk sobstance must be kept in rock oU, and not exposed 
to air or moisture. It may be cot with a penknife. 
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surface, but also that the moment it touches ilic water 
a flame arises round the metal. 'l*his flame is caused 
by the hydrogen of the water, which is set free 
and takes fire and burns. Now if this flame is due 
to burning hydrogen, what becomes of the oxygen of 
thew’ater? The oxygen unites chemically with the 
metal potassium to fonn the alkali potash ; this we 
can see by adding a little red litmus solution to the 
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water on udiich the potasuuin has been thrown, when 
we notice that the reil colour is changed to blue, owing 
to the presence of the alkali ' potash. If I throw 
1 small bit of the metal Sodium on to water, this will 
also swim on the surface and set free the hydrogen and 
form with oxygen the alkali Soda ; but the heat is 
not sufficient to liglu the hydrogen. 

x6. How hydrogen can be collected. 

Experiment 14. — Hy making the last experiment 
in rather a different way, we can collect the hydrogen 
which we saw bum on the surface of the water. 
For this purpose wx* will mix a few small f)icces of 
sotlium with a little dry mercury or quicksilver, the 
well-known bright shining lif|uid metal If we prciis 
the bit of sodium with a pestle under the surface pi 
* For the meaning of this word see page 6$- 
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the mercury contained in a mortar, the two metals 
will unite, and we get a mixture of the metals, or an 
amalgam, as it is called. Now pour this liquid amal- 
gam into a basin of water, having inverted a bell-glass 
or large test-tube fillerl with water over the centre of 
the basin. The sotiium will gradually decompose 
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the water, forming so<!a, and tlie hydrogen of the 
water will be liberated and will collect in the inverted 
glass. After a (crtain amount of the gas has been 
formed, the preseiu c of hytlrogen may be shoNsm by 
bringing a light to it and seeing that it burns with a 
pale flame. 


WATER. § VH. 

17. Hydrogen got in other ways. 

Many other metals have the power of decomposing 
water, taking the oxygen to form an oxide of the 
metal and setting free the hydrogen. Some metals, 
like potassium and sodium, axe able to do this (as we 
have seen) in the cold ; — other metals, such as iron, 
must l>e heated red hot before they can split up water 
into iu two constituent wis uniting with the oxygen 
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to form oxide of iron or iron -rust and setting the 
hydrogen gas free. Some metals, as rinc and iron, 
although they do not split pure water up into oxygen 
and hydrogen in the cold, are able to do so if some 
acid ^ is present. 

Expkkiment 15. — If we put a few zinc clippings 
into a flask containing some water, and if we then 
carefully j>our in a little sulphuric acid (oil of vitriol), 
shall soon notice an efiTervesccncc, due to the escape 
of gas. Then wo fit tightly into the neck of the bottle 
a cork furnished with a bent glass tube. 'I'he hydrogen, 
as it is formed from the acidulated water by the zinc, 
^^ill pass through the tube; and the bubbles of gas 
may be collecfed in a lunilc full of water placed in the 
trough. Care must be taken to allow all the air to be 
displaced from the generating flask before the gas is 
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collected. This is done by trying when the gas, caught 
in a small test-tube over the water, burns quietly on 
being brought mouth downwards to a flame. When 
the supply of gas begins to lt*ssen, it can be again 
* Foe the meaning of this word ice page 65, 
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increased by pouring a little more acid through the 
tube funnel without taking out the cork. 

Having thus collected three 
bottles full of hydrogen, which 
arc kept by placing their mouths 
downwards in small saucers filled 
with W'ater, let us see what ex- 
]>criment can tell us about the 
I>ropcrtics of this interesting 
got from water. 



i8. Hydrogen burns and is lighter than air. 

ExrKKiMF.NT i6. — Take one of the l)Ottles full of 
hydrogen and hold it mouth downwards in the air, 
and then ]nish a lighted taper fixed on a wire into the 
bottle. We .shall see that the hydrogen gas lakes fire 
and burns at the mouth of the bottle, but that the 
(lame of taper inside the bottle has gone out. When 
we bring llic taper out again, it will be rekindled by 
the flame of the burning hydrc\gen, but will be ex- 
linguisheil when plungcil into the gas. What does 
this experiment leach us? 

I. Hydrogen is inllammablc, and burns with a pale 
blue flame. 

3. Hydrogen does not sup|»orl tlie combustion of a 
taper. 

Expfrimfnt 17. — Turn upwards the mouth of a 
bottle filled with hydrogen, and then (quickly bring a 
light to it ; the hydrogen will bum %viih a much larger 
flame than when the bottle is tunieil mouth down- 
\vardt» ^JThis is because hydrogen is much lighter 
than air. For this reason w’c can [>our hydrogen 
upvi^rds. Take a bottle filled with air and another 
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filled with hydrogen, and bring them together thus 
and then slowly bring them into this position, when 
the lighter hydro- 
gen will pass u|>- 
wards, displacing 
the air from the 
lower into the up- 
per bottle. Then 
ftring the top bot- 
tle with its mouth 
downwards to a 
light, when the hydrogen will take fire anti burn 
(sometimes with a slight report from admixture of aif ). 
Let the bottom bottle stand for a few moments mouth 
Ui)wards on the table and then bring a light to it. All 
the hydrogen has gone, and the bottle is filled with 
common air. 'I'his exj»criment shows th.it hydrogen 
is much lighter th.m < ommon air. Indcerl, it i.s the 
lightest substance we know of, and is therefure uscrl 
for filling balloons. 



19. Water formed when hy- 
drogen burns. 

Let us next try to find out wliat 
is formed when hydrogen burns in 
the air. 

Experiment 18.— Instead of the 
l)cnt tube fixed to the flask use<l 
to generate the hydrogen, attach a 
straight one with a pointed end to 
act as a jet After you arc quite 
sure that all the air has been driven 
out of the flask (and this can be 
^ B 2 
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ascertained by hanging a dry test-tube on to the 
}>ointed tul>c and seeing that the hydrogen which 
then will fill the te>t-tube burns quietly on lighting it), 
bring a flame to the jet. 'I'he hydrogen will burn 
with a steady finmc ; now bring over this flame, as in 
llxpcrimcni 2, a dry glass, when a deposit of dew, or 
small <liops of water, will be noticeil. This shows 
that when hydrogen hums it unites with the 
oxygen in the air to form water. 

Km’F.rimknt m). — Now let us sec whether anything 
else is produced when the hydrogen burns. We will 
allow the flame to burn l^^ide a large bottle or 
and then add to the air in which tlie flame of 
hydrogen has burnt some clear lime-water (as in Exjie- 
riment 1). No milkiness is, however, produced, and 
we therefore see that no carl)onic acid gaj 5 is formed 
by the burnmg of hydrogen ; and so, by making 
further experiments, clremisls conclude that when 
hydrogen bums in the air nothing but pure water is 
formetl, lly arranging Experiment iS so as to 
keep the glass coi>l for some lime, we may collect 
a glass full of water, and we find that this is per- 
fectly pure water and cjuite free from soot, which 
was present in the w*atcr got by burning the car. die 
(lAperimcnt 2 ). 

Now we leant where the water came from when the 
canille was burnt ; the wax must contain hyilrogcn, 
and the water is formed by the union of the hydrogen 
<^f the wax with the oxygen of the air. So you see that 
in gaining knowledge about water we have learnt 
'"put air, for we have seen that water is made up of 
diflVrent kinds of .airs or gases, so closely axe the 
of lualurat knovx ledge linked together. 
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20. Composition of water. 

Next let us try to learn more about the comfK) 
sltion of water. We have found (Experiment that 
oxygen is contained in the air mixed with nitrogen (Kx^ 
•j>erimcnt 6). The oxygen exists in the air in the free 
state as a colourless gas ; in water the oxygen is 
chemically combined with hydrogen, and when 
united together these two gases form li(juid water. 
We also know that (F-x|>erimcnt 12), when water is 
decomposed, 2 volumes of hydrogen gas are ob- 
tained for ever)' volume of oxygen. It now be- 
comes an . im| jortant question to ask w hat weight 
of oxygen and hydrogen unite together to form water. 
How' many pound.s of hydrogen and how many i>ounds 
of oxygen go to fonn so many pounds of water? You 
must take care to distinguish between volume ami 
weight. To ascertain the comjH>sition of water with 
accuracy is not easy, and it is so inq>ortant that many 
chemists have devoted months or years to find out the 
exact weights of hydrogen and oxygen which arc con- 
tained in water. We may copy their experiments by 
what I may call a rough model, which, if it is rather 
more difficult than the former experiments, is of great 
interest, and will be umlcrstood by all who read the 
description and try the cxf>crimcnt with care. 

Kxpkriment 20. — In the Introductory Primer the 
pupil has learnt the use of scales or the balance, 
and knows how the weight of a substance is deter- 
mined. It may, however, be well for him to learn 
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how to weigh for himself, and to know the number 
and value of the weights. ^ ^ 

I have here a small pair of common apothecaries' 
.scales and a set of weights, a is a tube of hard glass 
with a bulb blown on to it, and into this I bring about 
halfanounccof black oxide of copper; b is another 
tube into which the bent end of tube A can be fixed; 
this lube is filled with white calcium chloride, a sub- 
stance which eagerly absorbs moisture ; c is a flask* 
for generating hydrogen from water and dilute acid by 
means of xinc ; u is a little wash-bottle containing some 
oil of vitriol, which will dry the hytlrogen as it bubbles 

9 
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through; F. is another lube ront.iining calcium chloride, 
through which the gas must pass and thus get quite dry 
licforc reaching tul>c a. In making the experiment we 
must first get the weight of the tube a and the copper 
oxide, by taking out the corks and sefarating it from 
the tubes K and B, then carefully putting it on one 
pan of the scales and placing weights in the other 
ttn|il it is exactly balanced. The i>rccise weight of 
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the tube and the copper oxide must then be written 
down. Next carefully weigh the tube B in the s;unc 
manner, and set its c.xact weight tlown on paper. 

Now put the two tubes bark into their places, 
as before, taking care not to lose any of their con- 
tents ; then pour some sulphuric acid down the funnel 
tube on to the zinc, and allow ilie hydrogen to bubble 
through the whole apparatus and over the copper 
•oxide. Tut a tlry test-tube over th.c turned-up end 
of tube n. and collect the hydrogen as it comes out ; 
try from time to time whether the air is driven out 
from the apj^aratus by bringing this test-tube (mouth 
downwanb) to a flame. .After several trials the hyilro- 
gen in this test-tube will be found to lake fire and 
burn i|uieily. As soon as this is tlie e^ise. pul a small 
gas-flarne under the tube containing the oxide ol 
copper. As long as this remains cool no ditlercncc 
can be observed in the blark oxiiic, although the 
hydrogen jassed over it ; but when it is he.atecl, a 
change begins at once. 'l i;e black < oh»ur changes to a 
bright red metallic litit, and drops of water are seen to 
condense on the cool part of the inside of the tube. As 
the whole bulb gels warm the water will be carried into 
the tube b, and there it will be held by the calcium- 
chloride, a moisture-absorbing substance. I/;t the hy- 
drogen pass over the heated bulb until all the black 
colour h^s disappeared, and then take the lamp away. 
Whilst the bulb is ccM>ling let us find out what has 
happened. The hydrogen has combiircd with the 
oxygen of the copper oxitle to form water which has 
passed on, partly as whaler and partly as steam, into 
tube B, where it all collects, none of \* escaping into 
the air ; the red powder left in the bulb is pure 
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metallic copper. Now let us weigh the two tubes 
again. In the first place, tube A weighs less 
than it did before, because it has lost something 
(viz. the oxygen) which has weight. Secondly, the 
tube B weighs more, because it has gained some- 
thing (viz. the water) which has weight. Now then 
we have : 

Crain*. 

t. Weight of tube A, containing the copper 

oxide, before experiment . . .1056 

a. Ditto, after experiment . . . .1016 

'I'he difference between these weights is the ) 
los.s due to escaj^e of oxygen . . . ) 

3. Weight of tube I5 before experiment . . S05 

4, „ ,, after experiment . , 848 

The (liiTcrcnce between these weights is the | 

gain of weight of tube h due to absorption > 45 

of water ) 

What must we contludc from this most important 
experiment? 'fhe answer is obvious — That 45 parts 
by weight of water contain 40 parts by weight of oxy 
gen ; and as water contains nothing but hydrogen and 
oxygen, it must contain the difference, or five parts 
by weight of hydrogen ; or to two [>arts of hydrogen 
by weight water contains si.xlcen parts of oxygen. 

Ihcse same proportions are always found if the 
experiment is care hilly made. And thus we Icam 
the Brat great law of chemical combination, 
that the same chemical substance always 
contains the same quantities of its compo- 
nents* Water is always made up of 16 parts oi 
oxygen to a parts of hydrogen by weight 



WATKR.] 


CIIEMI.S TE V, 


WATER. § IX. 

► 21. What is the difference between sea 
water and fresh spring water? 

Wc know that sea water is salt, or it contains salt 
dissolved in it. It is easy to make salt water by 
tlirowin; some roinmon salt into w.itcr ; liie solid salt 
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disappears or dissolves, and the water now tastes 
salt 

Experimknt 21. — Wc can only get riti of this salt- 
ness by distilling the water ; that is, by boiling the 
water, and collecting ami cooling the steam. '1 his 
wc can do best in a glass retort (fig. 17). Wc boil 
the water with a lamp, the steam ccaiies olf and pas.scs 
down the neck of the retort, and into the fl.i k, over 
the outside of %vhich some cold water runs to cool 
the steam inside the flask- 'J he distilled water 
has DO longer a salt taste; it is pure water, for 
all the solid salt remains behind in the retort, as wc 
may sec when wc boil oflf all the water. This plan 
of getting fresh water from salt sea water is much 
used on board ship, and the water thus got is good 
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for drinking purposes. Sometimes spring or fresh river 
water contains common salt dissolved in it, but in 
such small (juantitics that it docs not taste salt. The 
chemist, however, has a better mode of seeing whether 
water contains salt than judging by his tongue of the 
saltness : lie uses a more delicate test tliau tliis. An 
experiment will sliow this, 

22. Testing for salt. 

llxri'KiMKNT 2 2. — Take two large clean glasses,' 
full of distilled water or clean rain water; drop into 
one of these a grain of ( oinmon salt as big as a pin’s 
head ; stir it well up until this salt is quite dissolved. 
Now try whether you can taste the salt. You w'ill not 
be aWo to do so. Now take tlie bottle labelled 
“Silver Nitrate.” and carefully pour three or four 
droj)s of the rnpiid into the middle of each of the 
glasses of water. Soon a white cloud will be seen 
lloaling in the water to which the grain of salt was 
added, whilst the pure water remains c lear and bright. 
Thus, then, the chemist by his testing and experi- 
ments can ascertain the [>rcsenre of substances \\luch 
the common observer ovei looks or cannot sec, and 
you will afterwards learn what happened lierc wlieu 
this white cloud was formed. (Sec page S7.) 

23. Solution and crystallization. 

Many other solid substances dissolve readily in 
water — sugar, soda, alum, fur instance. Others dis- 
solve a little, such as gypsum or plaster of Paris. 
Others again do not dissolve at all in common water, 
«uch us flint, sand, or chalk. 

ICxTEKiMENT 23. — If wc take tivo ounccs of soda 
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in a glass, the cr)'stals will all dissolve on stirring. If 
we allow this solution of the soda to cool, we shall 
notice that particles of the solid soda begin to make 
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their appearance on the shies of the glass in bright 
shining little masses called crystals, or the solution 
is said to crystallize. 

If you notice the shai>c of the cry stals, you will find 
tliem all ahkCi ordy <,ome larger than 1 






3* 


SCIENCE PE/MEES. 


Now try the same with one ounce of alum and 
one ounce or a test-tube full of water ; the crystals of 



Alum Copper Sulph.tt*. 


alum Will make tbeir ajipoarancc by degrees. They 
have quite a different .shape from the crystals of soda, 
os you see in the drawings. 

Experiment 24. — You may do the same with blue- 
stone or sulphate of copper, and the blue crystals 
will slowly form of the shape shown in the drawing. 

Now mix up half an ounce of powdered alum and 
half an ounce of powdered sulphate of copper, and 
having mixeil tlicse pow'ders well together with the 
mortar and jvcstle, dissolve them in one ounce of 
hot water, and let the solution cool. Carefully notice 
what separates out. You will see that the colourless 
cr>*stals of alum arc formed, and side by side with 
them blue crystals of sulphate of co[>pcr ajipear. The 
two different salts can thus be separated by cr>stal- 
lization ; aiul if we look lime enough, we could pick 
out all the alum crystals and put them on one side, 
leaving all the crystals of sulphate of copper. This 
shows how nature scjiaratcs out things which are 
different, and wc sec that many rocks and minerals 
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are formed in the earth by crystallization, d'hus wc 
ftnd calc-gpar, fluor spar, heavy-spar, fel spar, and 
quartz, all crystalline minerals which liave, in diO'cr- 
cnt ways (and we cannwt always tell exiu tly how) 
been produced in the earth by ciysialli/alion, 

WATER. § X. 

* 24. Rain is distilled water. 

If we think where rain comes Irom, wc shall soon 
see that rain water is the ]nirest kind of water which 
w'e flnil on the earth. Rain falls from the clouds by 
a condensation or licjucfyin^' of the moisture \Nhich in 
in the air. \\’hen the hot winds blow over the ocean, 
these hot winds take up much moisture from the 
ocean as vapour or steam, just as the steam passes 
over from the retort ; and when this hot and moist air 
gets blown to a cooler j lace, it gels cold and cannot 
contain so much moisture in the form of vaf>our 
as when it was hot, so that this moisture is 
deposited in drops as rain. Hence rain water is 
distilled water, and you will see that a gigantic system 
of dLstillation is going on all over the globe ; and if 
you reflect for a little, you will understand that every 
drop of ninning water on the globe has once been 
distille4i as ram from the ocean to whicli it again 
returns. 

25. Suspended and dissolved impurities. 

But doe-s the water running from our spring?*, our 
streams, and our rivers into the ocean ukc anything 
else back with it? Why, you will at once say — Yes, 
certainly, it washes away sand and soil and dirt 
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into the sea. This you can sec if you take some river 
water, even the clearest, and let it stand a little ; some 
sediment will separate out and sink to the bottom. 
This saiid and dirt which the rivers carry out into the 
sea can be sei)aratc«l by filtration, that is, by passing 
the dirty water ihrougli a piece of ])oroiis i)aptT, blot- 
ting or filler paper, placed in a funnel as shown in 
(ig. 20, or by filtering through sand or through a 





Kponge or through charcoal, as is usual in llic watcr- 
liltcrs wc employ in houses. 

ExftRiMtNT 25.— Still you will readily understand 
that only iho.se sub.sianccs whii h arc suspended in 
the water as solid j).u tides can thus be got rid of. No 
process of liltering, however perfect, can get rid of 
dissolved matter. Add a few drops of blue indigo 
solution to water, and tiller this through a paper- 
tiltcr; you will not be able to get riil of the colour, 
because the indigo is dissolved in the water. In order 
to get the water free from blue indigo, it must be dis- 
tilled in a retort. 

a6. Hard and soft waters. 

Experimext a6. — The water running back to llic 
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ocean takes, however, away with it substances in 
solution. If we boil down a pint of any clear spring 
or filtered river water in a clean jiorcelain basin so as 
to drive off all the water, we shall always find that 
some solid residue is left ; whereas, if we boil 
do>vna pint of distilled water, no solid residue will 
remain. This is because the rain water, falling on ihc 
ground and trickling through tlie soil and over the 
rbeks, always finds something which it can dissolve, 
and which it takes away with it. Thus the sea is 
constantly having soluble matter carried into it from 
the land, and it is becoming, though very slowly, more 
impure. 

Of course the kind of substances which the rain 
water takes up in solution on its road to the sea will 
depend upon the kind of rock or soil through which it 
passes, and also, you will say truly, iij)on the sort of 
dirt which people living near throw in. Some springs 
are even more salt llian the sea itself, because the 
water which su[)plies them flows over a hiycr or bed of 
solid salt inside the earth. 

Many s;;ring and river w.aters arc said to be hard, 
whilst rain water is abvajs soft, A water is hard 
when soap does not at ora e lonu a lather with it, but 
a sediment or curd is protliu cd. Let us see if wc can 
make out wiiy this is, and for this j)urpose wc must 
try an experiment. 

27. What makes hard water? 

Experimknt 27, — Take a little powdered gypsum 
or plaster of Paris, and put a pinch of this into a large 
l>ottle full of distilled or rain (soft) water. Then shake 
the w'ater and the powder wei! together for sonic time, 
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and afterwards filler the whole through a papcr-filtvr. 
'J'he water will be (piite clear, but it has become hard ; 
this you may tell by trying to wash your hands with 
soap in tliis water, or, better, by first dissolving some 
soaj) in hot water (as is clone for making soap bubbles), 
and tlien dropping a little of the clear solution of soap 
into the hard water, wlicn you will find that the soap 
ciocs not make the water lathery but curdy, until after 
you have added more soap solution, when the froOt 
appears. 

Hcncc we learn that spring and river w'ater may 
become hard by containing gypsum or sul[)hate 
of lime in sc)iuuon. If you boil the water which you 
have thus hardened with gypsum, no change will 
occur ; the boiled water on cooling will be as hard as 
before. 


WATER, §XI. 

a8. Hard chalk water is softened by boiling. 

'There i>, however, another kind of hard water 
about which we have to learn. We have already 
kamt (Exf>criment 7) that the air from the lungs 
contains carbonic ac id gas, and that when you blow 
the air out of the lungs through some clear lime- 
water a white insoluble powder called* chalk or car- 
bonate of lime is formed in the water, which soon 
becomes quite milky. 

Experiment 28. — Repeat Experiment No. 7, but 
blow* a great deal more air through the lime-water than 
you did before. If you go on long enough — {>erhaps 
for five minutes— you will see that the milkiness begins 
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to disappear, and the water becomes clearer ; you 
may not be able to get it quite clear, but you can now 
filler the li()uid through a paper-filter. A clear water 
will come through, which, however, you will find (by 
t»*ying the soap experiment) is quite hard. \Vhal 
now has happened ? ^^ hv, tlie carbonic ac id from your 
lungs has the power of disioKing the chalk (whidi 
you know does not dissolve at all in pure water); 
* and Uius we gel a clear water which is hard, !)c*cause 
it contains chalk dissolved in carbonic acid. 
Now you know' that carlxmic acid is a gas; if we boil 
the water w'hich we have just hardened, all the car- 
bonic acid gas w ill be driven oflT, and the chalk whic h 
was dissolved in the carbonic acid will be throw n dow'u 
as a white powder. TJiis you can easily see by boiling 
the hardened water in a glass llask. If you filter this 
boiled water, you will find (by the soap test) that it is 
no longer hard, but has been softened by boiling. 
Another way in which water hard with chalk dissolved 
in carbonic acid can be softened, is to .add clear lime* 
water to the liard w’atcr ; the lime unites chemically 
with the carbonic acitl, forming chalk or carironatc of 
lime, which precipitates or falls down as an ins^^lublc 
jiowder together with the chalk originally present. Hy 
this latter plan hard ( lialk waters can be easily soft* 
cned on a large scale, 

29. The water of different rivers differs in 
hardness. 

The hard chalk water tnen dififeni from the 
hard gypsum water, inasmuch as we can soften the 
former by boiling or adding lime, whilst the latter 
cannot be thus softened. Now if the rain water 
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trickles down through rocks containing gypsum, the 
springs and rivers in that district (as the river Trent), 
arc hard with gypsum. The rain, however, although 
purer than any other form of running water, is not 
(juite pure, for it contains carbonic acid gas dissolved 
in it, wide h it gets from the air (see Experiment 9). 
Thus it happens that when rain water passes through 
a limestone district, or through chalky roc:ks or soil, 
the carbonic acid dissolves some of the chalk, and we 
get (as in the 'I hamcs) water hard from chalk. The 
cnist or dcj)Oslt often found in kettles or l>oilers is 
generally nothing more tlian this chalk, which slowly 
separates out on boiling the water and slicks to the 
bottom or sides of the kettle as a hard crust 

If the rain passes through a granite district (as the 
Dec in Scotland), whore there is no chalk or gypsum, 
tlicn the water remains a soft water, because it cannot 
lake lip and dissolve any hardening substance from 
the soil 

30. Surface water of towns impure. 

If water Hows through a town or near sewers, 
it becomes impure from admixture with the drainage 
from houses, and is rcmlcrcd tjuite unlit for drinking 
purposes; indeed, it may thus become i)oisoned, and 
the cause of disease. Sometimes the mo^t clear and 
sjxvrkling water may contain sewagc>impurity, if 
drawn from the neighlxuurhooil of low'ns or drains. It 
is for this reason that most of our large tow ns arc now 
supplied by pure water collected in reservoirs 
at a distance from the towns, and brought into each 
house by iron or lead pi[>es, so that it cannot become 
spoilt by mixing with drainage water. 
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31. Water dissolves gases. 

Gases will also di:>sulve in water, some kinds much 
more than others. We have seen tluU carbonic: acid 
gas from the air dissolves in rain water, and in soda- 
water there is so much of this gas dissolved, that when 
the cork is taken out the gas Ihcs out. lOven tlie air 
dissolves in water, and the dissolved oxygen gives to 
spring water its j>leasant fresh taste. If you boil the 
spring water, the dissolved air flies otf, and when 
cooled again you will find the water tastes Hat and 
insipid. The dissolved oxygen in .sea water is essen- 
tial to the life of lishes, for they need oxygen for their 
breathing as much as animals which live in the air. 
IVhcrc do they gel the oxygen ? — not from the oxygen 
which is combined with hydrogen to form water, but 
from tlie oxygen gas whicli is dissolved in the water. 
Fishes pass large (juaniilics of water through their 
gills, and in jivassir.g through llicy extract the oxygen. 
If you throw a live fish into cold water which has 
been well boiled and not exposed to air, the tisli will 
die, because there is no dicsohed oxygen m the water 
for it to bieaihe. 


EARTiJ. g \II. 

3a. About Earth. 

We liavc now learnt a little about Fire, Air, and 
Water* let us next see what we can learn aboj;t 
Earth, or the solid matter of which our globe is 
made up. 

Fire, Air, and Water arc somewhat simple things - 

Fire is the heat given off when botlics burn or 
combine chemically. 

Air is the mixture of two gases, oxygen and 



44 SCIEXCR PRIMEllS. [§ xii. 

nitrogen, which exists around us and which w'e use 
in breathing. 

Water is the liejuid which surrounds the Earth, 
and is composed of two ga.se.s, oxygen and hydrogen, 
chemically coinljined together. 

Earth is a much more difficult and complicated 
subject, anrl we can only learn a very little of the 
Chemistr)’ of Earth in this book. 

To begin with, the solid Earth, as wc call it, is only 
solid because it is not hot. All solid things can be 
melted and made liquid, if only they are made hot 
enough. Hard iron can l>e melted in a furnace and 
poured out like water, glass can be melted and cast 
into plate : so all the solid rocks and stones can be 
melted and made liquid, like water, and even boiled 
away like water, and driven off in vapour, if wc 
only heat them enough. In reality, the inside of the 
earth is hot enough to melt rocks ; and in volcanoes 
(or burning mountains) we often sec that white-hot 
uviuid rock (called lava) is pressed out, and sometimes 
runs out over a town, as at Herculaneum, near Mount 
Vesuvius, and burns uj) and buries all that comes in 
its course. 

I^'l us take up some different kinds of earthy 
bodies, and see what they arc made of and w hat wc 
can gel from them. 

33. Preparation of carbonic acid gas from 
chalk. 

Experiment 29. — Take a few pieces of chalk or 
limestone or marble (for these are all the same chem- 
ical substance) ; put them into a bottle fitted with a 
cork, bent tube, and lube funnel; pour some water 
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into the bottle, and then add a little “ hyilrochloric 
acid.” You will notice that a bubbling takes place 
near the chalk, and if you dip the end of the bent 
tube under water contained in a glass, bubbles o! 
gas will pass through the water. C hange this glass 
for an cminy bottle, and let the gas pass from the tube 
into this bottle. After a few minutes plunge a burning 
tai>er into the bottle into which the gas h.is passed, 
it will be instantly extinguished. Next j>our .some 
clear lime-water into the bottle, it will be turned 
milky. I'hcn ])ut the burning taper at the Imttom 
of another bottle containing air and pour the gas 
from ihc other bottle (as if it were water) on to the 



burning taper ; soon you will see that it is put out. 
What is the gas wc have got from chalk or marble ? 
It is carbonic acid gas, for it puts out a flame, it 
makes lime>watcr milky, and it is so much heavier 
than air that wc can pour it from vessel to vessel like 
water. This carbonic acid gas is combined in the 
chalk, and when we add another acid, this gas comes 
ofil What else does the chalk contain ? Let us put 
a piece of chalk or limestone or marble into the fire, 
lo as to heat it gently, and then notice what liajipens. 
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If wc take the stone out of the fire, we sec that it has 
been altered by being burnt. If we pour acid upon 
it, bubbles arc not given off ; it has therefore lost its 
carbonic acid by being burnt. Ilut if wc pour water 
on it, wc notice that the solid substance falls to j)owder 
and becomes hot enough to make the water boil. 
Now what has liajipened is that, by heating, the lime- 
stone or marble has lost its carbonic acid and 
quicklime is left (and this is what happens in the 
lime kilns) ; anti when we pour water on to quicklime, 
it is nlakcd, or combines with the water. Hence w*e 
have learnt that chalk or marble is a chemical com- 
pound of lime and carbonic acid, and also that 
from an earthy substance wc may be able to get a gas. 


EARTH. § XIII. 

34. Preparation of oxygen gas. 

Kxpkkiment 30. — Next wc will lake another 
earthy substance, not so common as chalk, but one 
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which will teach us some important lessons. Wc will 
put a liillc of this red jK>\vdcr out of the bottle 
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labelled “ Mercury Oxide ” into a little tube of liard 
glass, and fasten to it a cork and bent glass lube, and 
fix this in a holder. Then heat the red powder — it will 
soon get dark-coloured, and then a bright white 
shining substance will be deposited on the cold 
bides of the tube. Hubbles of gas will be seen to 
come off at the end of the tube, and these can be 
collected in a tube filled with water placed in the 
trough. ^Ve can then test to see what this ga.s is, 
and by bringing a red-hot splinter of wood we shall 
see that this gas is oxygen gas, because the red- 
hot si>ark is at once rckindlcti. Now' \vc may go 
on healing the red powder until it has all disappeared 
or is all converted into oxygen ga.s and tlic lirighl 
sinning substance which collects in the tube. Let us 
find out what this subataiKe is. When all the red 
powder has disajjpeared from the bottom of the tube, 
W'c take the tube and cork out of the water to prevent 
the water going back into the tube when we take 
aw'ay the lamp. Now when the whole is cold s< rape 
down the shining deposit witli a little jiicec of wood, 
and you will find that bright liquid drops of metal c an 
be shaken out of the tube. '1 his metal i.s mercury 
or quicksilver. 

Now we have learnt that this red powder can 
be split up into two .substances by heating it: 
(i) Oxygen gas; ( 2 ) The metal Mercairy. Not only 
does this reel j>owder, wherever it may be got from, 
always yield mercury and oxygen on heating, but 
the same weight of this red powder always gives 
the same volume of oxygen and the same quantity 
of mercury. 

You sec why this is called 07 ;ide of mercury 
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— because it is a chemical compound of oxygen 
and mercury. Nobody could tell that this red pow- 
der contained these two quite different substances ! 
this is a thing whicli can only be found out by 
trial or experiment. Chemists have found by weigh- 
ing the red [)ow(ler, and the mercury anil oxygen 
which it yields, that 216 pounds’ weight of red oxide 
of mercury always yields 200 pounds of metallic 
mercury and 16 pounds* weight of oxygen. So here 
again wc have jiroof that the same chemical 
compound always possesses a fixed and 
unalterable composition. 

35. Metals become heavier by oxidation. 

Almost all the earthy and solid rocks and bodies 
which w'c see around us contain oxygen combined 
m^ith something else, forming oxides. Thus all the 
metals, such as iron, copper, silver, zinc, lead, will 
combine like merenr)' with oxygen to form oxides, 
and the oxide will always be heavier than the 
metal contained in it, because tlicrc is also the 
oxygen, which has weight. 

KxrKRiMKXT 31. — 'I'o show that this is the case, 
take a small liorsc'slioc magnet, and dip the ends of 
the magnet into fine iron filings, which will stick to 
the magnet, forming a kind of small bru=.h. Then 
hang up the magnet, with the filings on it, on one end 
of the beam of the scales, anil accurately balance the 
other pan w ith weights. Now place the flame of a 
lamp underneath the filings as they hang on the 
magnet} you will see that the filings lake fire and 
bum — that is, Urey arc combining with the oxygen of 
the air to form oxide of iron, which is the same 
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thing as iron rust ; and, if you gvrt enough filings 
to stick to your magnet, you will sec that the scales 
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will no longer be lulanccd, but that the iron rust is 
heavier than the filings. 

36. Metals contained in earthy substances. 

So we learn from tliesc two last exj>erinK‘nt.H that 
an enrlhy-lo(4:ing .substance may contain a bright 
metal. Let us make one or two more experiments to 
show this. 

KxrKRiMr.N'T 32. — 'Fake a small fr}slal of “ bli:c* 
.stone,” or sulphate of copj>cr ; <!lssolve this in sj)riie 
hot water in a test-tube ; then jilacc the < lean blade 
of a knife, or any piece of bright iron, info the blue 
liquid. In half a minute lake out the bright iron and 
you will sec that it is coloured red where it has dipped 
in the blue liquid ; and if you rub lliis you will get 
the bright red colour of metallic copper. Put the 
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iron back again, and leave it for some time in the 
blue li(4uul, when you will find that the blue colour 
will have disappeared, and niiu h will be depo- 


3.V 

sited ns a brovvn powder; and on putting a piece of 
clean iron in tlic solution, no further red deposit w ill 
be formed, showing in two ways that all the copper 
has been thrown down from solution. 

Kx!*KRiMf:NT 33. — 'l ake half an ounce of the white 
solid labelled “ Lead A(.etale,'’ comn^only called 



sugar of lead, and put it with some water into a 
small clean gloss, when it will all soon di^lve ; 
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tie a small bit of zinc by a thread to a bit of wood, 
so that when the wood rests on ihc top of the glass 
the zinc hangs in the liquid. Allow this to stand 
for some hours, when crystals of metallic lead 
will be formed on the /inr, and form a tree like 
growth, showing that the white ci). ^lals contain me- 
tallic lead. 


EARTH. § XIV. 

37. What is Coal ? 

Next let us iry to find out something about coal. 
Coal, wc know, contains carbon, for we saw that 
it burns and yields caibonic acid gas by combining 
with the o.xygen of the air. As you learnt in the 
Introductory Primer, coal is got from “pit.s” or 
“mines,” and it is fouml sometimes tltep down in 
the earth, and sometimes at or near .he Mirfa<c. 
A great deal might be saitl alxnit cod about how 
It was formed, what it contains, what we can get 
from it, a ml w hat w e <lo with it. 

1 . How was coal formed? 1 liough it may seem 
strange, it is still true, that coal is the remains of 
plants which grew long ago on the surface, but which 
have been buried down deep in the earth. When you 
go down a coal-pit you will sec the roof and floor of 
the [passages covered with impressions or casts of 
leaves and other parts of plants, showing that plants 
have been buried here ; and if we slice a fiiecc of 
coal very thin indeed, wc sec in the coal itself nnarks 
which show us that it has all been vegetable matter. 

a. Mfhat does coal contain, and what can wc get 
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from it ? Coal contains carbon : if it burns with a 
clear flame we know that carbonic acid gas is formed ; 
and if it burns with a smoky flame we can get black 
soot, or carbon, from the coal. 'I’hc coal contains, 
however, other things besides carbon ; it contains 
hydrogen as well. 

38. Manufacture of Coal Gas. 

Kxpkrimknt 34. — IWiler a little coal and put K 
into the bowl of a comtnt)n long tobacco-pipe ; then 
cover the top well with a stopper of moist clay (made 
by mixing the pv>wdereti Stourbridge clay with a little 
water), and let the clay dry well. After it is well 
ilricd, fasten the bowl of the pipe over the flame of 
the gas-lamp, S(K)n a yellow smoke will cornc out at 
the end of the i>ipe, and this yellow smoke will bum 
with a bright fl.nne when a light is brought to it. This 
smoke is coal gas, but not purified like that which 



we bum in our houses. Now pudv the end of the 
pipe under water ; you will sec that bubbles of gas 
come off, and if you place a test-tube full of water 
with mouth downwards over the end of the pipe, the 


FARTIC.] 


c/rF.msT,': w 


5.1 

bubbles of coal "as will collect, and the tube may l>e 
filled with gas, wliirh will burn when you bring a light 
to it. This coal gas contains carbon, for you may 
get black soot from the flame of this gas when it is 
burning, and because carbonic acid gas is formed 
w’hcn the gas burns, ns you may show with the lime- 
water test : it also contains hydrogen, because, if you 
hold a dry clean glass over a llame of coal gas, drojis 
^f water will rcdlec t in the inside of the glass, showing 
that the hydrogen of the coal gas has united with the 
oxygen of the air to form water. 

^’ou have already learnt in the Introductory Truncr 
that coal gas is co!();:rless and invisible, that it is 
lighter than air, and that it is inflammalile. 'fry to 
think wliat exj>crimcnts you can make with coal gas 
to prove that this is the ease. 

Ail the coal gas whi( h we use in otir towns is made 
in this way. Inste.ad of tobacco [M})es, large ovcnti 
mad.c of brick or sometimes of iron are used and 
these arc called retorts; instead of a pinch f»f coal, 
many thousar.ds of tons arc made into gas ; instead 
of a test-t'ibc to colhxt tlie gas in, cnormoufi gas* 
holders made of plat" are used. 

Now Avhen the pipe is rr»ld take off the cl.iy, and 
you will find some grey cokc in the bowl ; this i^ 

* ;ome of the pure carbon of the coal whir h h left 
bchinil. .‘^ome of the c.irlK)n and all the hydrogen 
of the coal has gone off as gas, or water, or tar, 
for all these things are formcil wlicn coal is distilled 
or hcate<i as we have done. 

There arc many dslfcrcnl kin<ls of coal, some of 
which arc not so good for gas-making as others, be- 
cause some contain more carbon and less hydrogen 
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than Others, and therefore give less gas and more 
coke. 

Besides coal gas we c.in get many other things from 
coal Thus we get the tar which is used to tar ropes, 
sails, and fishermen’s nets, to prevent them from rotting 
in the salt water; also pitch, which is used for as- 
phalting pavements ; and, what is more wonderful, 
we get from coal those splendid bright violet and 
crimson colours, mauve and magenta, which you sc(y 
in the shop windows. How these colours can be got 
from coal you cannot at present understand. 

39. Uses of Coal. 

Of the importance of coal it is difhcult to give you 
an idea in a few words. I’r)' to think wliat England 
would be without coal ! Almost all our manufactures 
dej>cnd on our having chcaj) coal. Our comfort, or 
rather our very existence, in the winter, dc|)ends on 
our supply of this essential aiti^lc. Where should we 
be williout r.iilroads or sUambuai.s ? and yet these 
lK>lh dejHUui on our having coal. Coal is not found 
everywhere in Great Butain. In those districts where 
coal is found great iiulustrics have sprung up ; where 
no coal is found the country is purely agricultural 
Thus in Lancashire we have coal and the cotton 
trade ; in South Wales we have coal and the iron 
trade; in Yorkshire we have coal and the woollen 
trade ; but in Kent, and Essex, and Sussex, where 
there is no coal, wc do not find great centres of manu- 
faclurc; m lliesc counties tiie people diicfly live by 
fanning. 
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40. Coal Gas and Flame. 

Let us now try a few experiments wiili ronl gas 
and see what we can learn about Flame. 

Kxperimekt 35. — Why (Iocs the fl:nnc of hydrogen 
(see Experiment i^) give off so little liglu, whilst the 
llamc oi coal gas gives off so much? A siinj>lc ex* 
• periment with tlic Bunsen gas-burner will soon 
explain this. If you stop up the holes at the bottom 
of the lamp with your lingers, you will sec that the 
gas burns with a luminous llame ; if you remove 
your fingers, the flame loses its brightness and burns 
blue. 'ri)is is because carbon or soot 
in a finely divided state is present in the 
bright flame, but not present in the blue 
flame. Hold a piece of white paper for 
a few seconds over the blight flame, it 
will be smoked ; but when hchl over the 
blue flame there will be no smoke. In 
tlie bright flame the combustion (or 
burning) is incomplete, and solid parti* lea 
of carbon arc separated out in the flame 
and cause the flame to be bright ; in the 
blue flame all the carbon is at oii're 
burnt by the air which rushes through the round holes 
and mixes with the coal gas before the mixture burns 
at the top of the lamp. 

Experiment 36, — The different parts of a common 
candle flame are w'ell worth study and teach us much. 
If you carefully look at the flame of a candle burning 
steadily you will sec that the flame consists of three 
I»arts; — 
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1. A blue scarcely visible outer zone, or mantle, 
where the combustion is complete. 

2. An inner bright or luminous zone, where soot is 
separated out and the light is given off, and where the 
combustion is incomplete. 

3. A black cone in the inside, 
roTwisting of the unburnt gas given 
off by the wick. 

'I'hc candle is in fact a small gas- 
works ; the wax or tallow is the ma- 
terial which is distilled, the wick is 
the retort where the distillation goes 
on, and higher up and oiitshlc of this 
the gas burns. 

You can show that this black cone 
consists of unburnt gas by taking a 
small bent piece of glass tube and 
putting the end into the black centre 
of the flame ; the unbumt gases will pass up the tube 
and may be lighted at the other end (see fig. 29). 

41. Explosions in Coal Pits— how caused 
and how prevented. 

You have all heard of the dreadful accidents which 
sometimes happen in coal pits from explosions of fire- 
damp, or a kind of coal gx% which, wben it is mixed 
with air, explodes or bums suddenly and kills th 
miners. As the ])its are dark the miners are obligee 
to take lights with them to see to do their work and 
get the coal, and when the gas or fire-damp rushes out 
from the coal it mixes with the air, and the mixture 
takes fire at the miners’ candles, and it explodes and 
docs great danage. These horrible explosions can be 
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prevented by using Davy's Safety- Lamp. Let 
us try if we can learn why this is. 

Experiment 37. — Take a piece of common iron 
wire gauze, and bring it close over a gas burner or the 
Bunsen’s lamp ; then turn on the gas, and light it on 
the top of the gauze ; next remove the gauze several 
inches above the burner ; the llame does not pass 
through the wire gauze (Fig. 30). Why is this ? Be- 
cause the metallic gauze so quickly takes 
away the heat that thegas will no longer burn. 


■f 

yiA 

Suppose now we were to plate such wire gauze quite 
round a flame ; w'e should see the flame burning inside 
the gauze ; it wouhl give light, and it w^ould get air to 
bum through the meshes of the gauze ; but no flame 
can pass through the gauze, and therefore if we 
take such a safety-lamp, like the one tlrawn in Fig. 
30, into a mine where there is fire-dam (i, the ga.s in the 
mine cannot become lighted, because the flame cannot 
j»ass through the wire gauze. I’his is the reason why 
Davy's safety-lamp has saved so many lives. 
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In fig. 30 you have a picture of the lamp ; you sec 
the flame burning inside the wire-gauze case, which 
is screwed tight on to the brass oil-can at the bottom. 
You learn how such a simple scientific principle as 
the one I have just explained may be made the means 
of saving ihouiiauds of lives, and render it safe to get 
the coal which we need so much. 

ELEMENTS AND COMPOUNDS. § XVI. 

42. The i)rcTedifig cxpcrinicnt.s have taught us much 
ic.specting some of the common kinds of earthy sub* 
stances which we meet with. 'I'hcsc are, however, 
only a very small ])ortion of the cxi)crimenls which 
chemists have made, and l>y wdiicli they have learnt 
all that they know about the composition of the earth. 
It is only by examining and experimenting that we 
can learn anything in chemistry, and it is the business 
<jf the chemist to try and test the projiertics of every 
kin<l of substance which comes within his reach, to see 
wh.it it is made of, and what kind of substances it 
contains. 

In this way testing all bodies, whether they come 
out of the air or out of the sea’or out of the insitlc of 
the earth, or whether they arc of nuncrai or of vege- 
table or of animal origin, chemists have found that 
all substances they meet witli may be divided into two 
great classes ; — 

1. Simple bodies, or Elements ; substances 
out of which nothing different can be got. 

2. Compound bodies — substances out of 
which two or more different things can be got. 

43. Let us look for some examples of simple and 
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compound bodies ; first among the gases. Oxygen 
gas is a simple body, or an element ; nothing else can 
be got from oxygen. Hydrogen gas is also an ele- 
ment for the same reason. J»ut coal gas is not an 
element, it is a compound, for we can split it up into 
or get out of it two quite dift'erent substances, viz. 
carbon or soot, anti hydrogen gas. Carbonic acid gas, 
•too, we have learnt is a compound of carbon and oxy- 
gen gas. So for liquids; the metal mercury is an 
element ; we cannot get out of it anything dilferent 
but the bright shining li(juid metal : water, however, 
is a compound, for, as we have seen, we can in many 
ways prove that water contains the two elements 
oxygen and hydrogen. In like manner, many solids 
arc elements or simple bodie.s, wliilst many arc com- 
pounds : thus, red oxide of mercury is a com|>ound, 
for we can get from it metallic mercury and oxygen 
gas ; clialk is a compound, for we can get from it 
carbonic acid and lime ; common salt is a com- 
pound, for we can get the yellow gas chlorine from it, 
and likew isc a metal ; so is “ blucslonc," because we 
can get bright retl copper and also sul[diuric acid 
from it Hut sulphur, carbon, phosphorus, 
copper, iron, silver, gold, and many others, are 
all solid elements or simple bodies, for out of these 
chemists have not been able to get anything different. 
Nor have chemists ever l^cen able to change any one 
of these elements into any other one, 

44. By continually making experiments on the 
substances they sec around them, chemists have 
found that cvcry'thing which exists above, or on, or 
below the earth's surface, is made up of one or more 
of sixty^three elementary bodies* Some of 
c 9 
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these are met with as gases, as oxygon ; some as 
liquids, like mercury ; most, however, occur as solids, 
like sulphur and iron. Many of these elements are 
very common, and arc found in enormous quantities, 
both as elements, or in the free state, and also 
combined ; thus, for instance, oxygen is contained 
in the free state as a gas in the air, but combined 
with hydrogen to form water, and with tnc other 
elements to form oxides. Many of the elements ar:i 
however found very seldom, and only in very few 
places, and these arc generally not used in the arts or 
manufactures. Still we ba\c no right to consider 
these elements uninqiortanl and nselcss, although wc 
cannot in these lessons do more than speak of lliose 
which arc found in larger <juaiuny. 

For the sake of simpli< ity wc divide the elements 
themselves into two classes : those which are metals, 
su<h as iron, copper, gold, silver; ami those 
which arc non-metals, such as oxygen, sulphur, 
carbon. The difference in ap{H;arance between 
things which are metals and things which are not 
inetala*will be seen at once by looking at specimens 
of the above elements. 

There arc only fifteen non-metals, whilst wc know 
altogether of forty-eight metals. 

Here is a table containing the names of the most 
important elements : — 


Oxygen. 

Hydrogen. 

Nitrogen* 

Carbon* 

Chlorine# 


Iron. 

Alomininm. 

Calcium. 

Magnesium. 

Sodium. 
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Sulphur. 

Phosphorus. 

Silicon* 


Afthtlik 

Potassium. 

Copper. 

Zinc. 

Tin. 

Lead. 

Mercury* 

Silver. 

Gold* 


TIk'sc sixty three elements all possess dilTercnt pro- 
pcnics, by means of which they can be rcco^mzcil anil 
separated one from the other. Some, however, resemble 
one another more than others ; thus, tin and lead iirc 
more like each other in their j)ropenies than arc oxygen 
and hydrogen. Now when w’c examine the way in which 
these elements unite together to form compounds, we 
find that the most unlike elements combine 
together. 'I hus, tin and lead do not form any com 
pound differing in essential properties from cillicr of 
the two ineuls ; but, oxygen and hydrogen being 
unlike, unite to form water, a body (|uite different 
from either of the component elements. It b true 
throughout that chemical combination takes 
place most readily between those bodies 
which jeast resemble one another. 


NON-MBTALLIC ELEMENTS. | XVII. 

45. Now let us learn alrout the projHrrtica of these 
commoner elements in tlie order in which they ore 
written in Uie table. 
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Oxygen is a colourless, invisible, tasteless gas. 
It exists in the free state in the air, mixed with 
about four times its bulk of nitrogen gas. It com- 
bines with all the elements (with one exception) to 
form oxides. When oxygen combines with other 
elements heat is evolved, and often light, and the 
substance is said to burn. Oxygen is contained in 
all rocks, sand, soil, and minerals. More than half 
the weight of our whole earth consists of oxygen/ 
Oxygen is necessary for the life of animals ; they 
breathe it, and use it to oxidize and j>urify the blood 
and to keep up the animal heat. 

We can get j>ure oxygen gas by heating many com- 
pounds which contain it ; thus by heating red oxide 
of mercury in a tube, or by heating chlorate of potash 
in a flask, we can test for oxygen by plunging a red- 
hot splinter of wood into the gas ; if oxygen be present, 
the sj)linter will burst into flame. 

To make oxygen gas on rather a larger scale than 
is described in Experiment 30, we may take half an 
ounce of powdered chlorate of potash, and mix it with 
enough black oxide of manganese to make it black. 
Then place the {>owder in a flask furnished with a 
perforated cork and long bent tube, placing the flask 
on a ring of the retort stand so that you can gently 
heat the mixture, and then collect the gas as it comes 
over in bottles placed in the pneumatic trough, as 
shown in fig. 23. 

You may show* — 

I. That a taper stuck on a wire having a rcd hol 
wick will be rekindled when plunged into the 
bottle of oxygen, and then prove that carbonic 
acid is formed by pouring in lime-water. 
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a. That a piece of red-hot charcoal burns brightly 
in oxygen, likewise forming carbonic acid. 

3. That a small bit of sulphur melted and allowed 

to burn on the spoon buries with a brilliant 
blue flame when plunged into oxygen, 

4. 'I hat a very small bit of dry phosphorus put 

in the spoon and ligiitcd burns with daz/Itng 
s])lcndour in oxygen gas. 

• You may also show that the colourless gas formed 
by burning the sulphur, and the white fumes formed 
by burning the pliosphonis, are both acid substances, 
because if you j^our a little blue litmus solution info 
each of the bottles used, you w ill sec that the blue 
solution will turn red. 


46. Hydrogen is also a colourless, invisible, fastc- 
less gas. It docs not occur in tiK' free state in the air, 
but exists combined with oxygen to fonn water. Hy 
several w'ays we can get the hydrogen from water (h x 
periments 12 and 14), and abo show that wln-n h) dro- 
gen burns in the air pure xvater is formctl. Hydrogen 
combines with many other elements — with carbon it 
forms marsh gas (or fire dainj)), a substance foiin<l in 
coal gas : hydrogen also is found in all acids ; thus, in 
nitric acid, sulphuric acid, hydrochloric acid. Hydro- 
gen gas is the lightest substance wc know of, being 
14^ times lighter than air, and it has, therefore, been 
used for filling balloons. 


47. Nitrogen is likewise a colourless, invisible, 
tasteless gas. It exists in the free state in the air. Wc 
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can separate the oxygen in the air from the nitrogen 
by burning a piece of phosphorus (Experiment 6). 
Nitrogen also is found in many compounds, in nitric 
acid and nitre or saltpetre, and in ammonia or 
spirits of hartshorn. It is also found combined 
in the flesh of animals. Nitrogen does not unite readily 
with bodies, and is a very inert substance ; it does not 
burn itself, nor siipi^ort combustion nor animal life. 
It is, however, not ]>oisonous, and animals die wheh 
placed in nitrogen simply from want of oxygen, that 
is, they arc suffocated. 

Nitrogen can be made to com])ine with hydrogen 
to form ammonia, and with hydrogen and oxygen 
to form nitric acid. 

Experiment 38. — Nitric acid can l)c easily ol> 
tained by putting half an ounce of powdered nitre into 
a retort and pouring on it half an ounce of sulphuric 



acid Then pul a lamp under the retort, and a flask, 
kept cool in a basin of water, to catch the acid which 
comes over. Soon a yellow liquid will collect in the 
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flask. This is nitric acid. It is very sour and cor- 
rosive ; strong nitric acid will make yellow stains and 
wounds if it touches the skin. It will turn blue 
litmus solution red, because it is an acid ; and if 
mixed with an alkali, like caustic potash (which has 
the power of turning red litmus blue) it loses its 
acid properties. Take a little caustic potash 
solution and add litmus to it, then gently pour some 
flitric acid in ; the blue litmus will soon turn red, 
because the acid neutralizes the alkali. If the 
water be now boiled away in a small [)orcclain basin, 
a white salt will be left, which is nitre or saltpetre, 
made by the chemical combination of nitric acid and 
potash, the substance which we originally used to 
make the nitric acid ; and if after heating it strongly 
you dissolve a little of this salt in water, tlic solution 
will neither turn red litmus blue, nor blue lumus red : 
tills shows that the salt is neutral. 

Acids, Alkalies, and Salts. 

From this experiment you learn — 

I. That a substance is called an acid when it is 
sour and corrosive, and when it turns blue 
litmus solution red. 

8. That an alkali is a substance which turns red 
litmus solution blue, and has tlie power of 
neutralizing acids. 

3. That a salt is the substance formed when an 
acid combines with an alkali and funns a 
neutral bo<iy. 

Here again we see that unlike substances combine 
chemically with each other. No two bo<Jies can be 
more unlike one another tlian nitric acid and potash, 
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and these two unite to produce the well-knowTi salt- 
j>ctre, totally diflferinpf in its properties from either of 
the two things of which it is made up. 

48. Carbon. — This is a solid element ; we know it 
in the free state as charcoal, coke or coal. Carbon also 
exists free as two other quite different sorts of bodies, 
viz. : the colourless hard gem called diamond, and 
the soft body, used for making pencils, called black- 
lead or graphite. How can we show that three 
such different substances as these are chemically 
the same element ? Suppose we were to bum a bit 
of charcoal in oxygen gas, we get carbonic acid gas 
formed ; if we bum a bit of graphite, we also get 
carbonic acid gas formed ; and if, instead, we take a 
bit of diamond and bum it, we also find that car- 
bonic acid gas is formed. From this w'c conclude 
that each of these three things— charcoal, graphite, 
and diamond — contains carbon. But do they contain 
anything else besides carbon ? No, because if we take 
the same weight of each — 12 grains of charcoal, 12 
grains of graphite, and 12 grains of diamond— and 
bum them scfwirately, we find that we get exactly the 
same weight of carbonic aciil, viz. 44 grains, in 
each case. So that, although they look to be such 
very different substances — the precious gem and com- 
mon coal — yet they arc identically the same dieniical 
element, carbon. 

Carbon forms a necessar)' part of all vegetables and 
animals. In a piece of wood charcoal you con see 
the fomi and texture of the original wood ; if a piece 
of 8csh is charred, you soon see the black carbon ; if, 
however, the wood or the flesh is completely burnt, 
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then the carbon all disappears as carbonic acid gas, 
and only a small quantity of a white ash is left. 

Experiment 39. — To show that vegetable matter 
contains carbon, take a few lumps of white sugar in a 
glass, and pour on these a little hot water to form a 
thick syrup. Then pour into the syrup some strong 
sulphuric acid. You will soon see that the syrup gets 
dark coloured, and then froths up, and all the white 
*sugar is converted into black charcoal, 'bhis is be- 
cause the sugar contains carbon, which has ih ;:. been 
made visible. 

What w'ould be the result if this single element, 
carbon, had not cxi.sted on the earth ? Why, then 
no animal or vegetable being could have existed. So 
great a change can the absence of a single element 
produce. 

Carbon, however, exists combined not only in the 
bodies of jdanls and animals, but also in the air as 
carbonic acid gas ; and from what has been learnt 
(from PLxperiment 9), you will untlcrsland that this 
carbonic acid in the air serves as food for all j)lants. 
Carbon also exists in many rocks — as carbonic acid 
in chalk rocks, limestone rocks, and marble. 

NON-METALLIC ELEMENTS. S XVIIL 

49. Chlorine is an element very' different in its 
properties from any of those we have mentioned. It 
is a ycliowisb gas, jHJssessing a very strong smell, and 
if breathed acts as a poison. Chlorine is not found in 
the free slate in nature, but we can gel it from a useful 
compound which contains it— vu, common Salt. 



58 


SCIENCE PRIMERS, 


[$ XVIII. 


This body, which we use to flavour our food, and which 
gives the saltness to sea-water, is made up of chlorine 
and metal sodium, and common salt is therefore called 
chloride of sodium, or sodium chloride. 

Experiment 40. — We can get chlorine from com- 
mon salt by mixing a little salt with a little powdered 
black manganese oxide, putting the mixture into a 
flask, and pouring on to tlie mixture some sulphuric 
acid diluted with the same quantity of water. B/ 
adapting a bent tube as shown in fig. 32, and by 
slightly heating the flask, a heavy yellow very strongly 
smelling gas is given ofl', and may be collected in the 
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This is the chlorine which was combined with the 
metal sodium in the rock salt : care must be taken not 
to breathe it, as it causes coughing and inflammation of 
the throat. This gas combines at once with metals to 
form chlorides ; if we throw a little powdered me- 
tallic antimony into the bottle containing the chlorine 
gas, wc see sparks of fire, and a white cloud of anti- 
mony diloride is formed. Thus wc learn that sub- 
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stances can Lurn not only in oxygen, )>ut also in 
chlorine gas, and that heat is given out whenever 
chemical combination occurs. 

Chlorine also has a strong bleaching power, and 
it is lai^ely used for taking the colour out of cotton 
and linen cloth. '1 his you can easily c.Kperiment by 
throwing in a bit of wet colouretl cotton rag into a 
bottle of the yellow gas — after a few minutes’ shaking 
the rag will have lost its colour. 

Bleaching powder, which is sold in the shops 
for this purpose, contains chlorine, as you may sec by 
taking a little of this w hite powaler at tlic bottom of a 
bottle, and pouring on to it a little dilute sulphuric 
acid, when yellow chlorine gas will at once be seen 
above the white powder, and this gas will be found 
to bleach. 

Experimf.nt 4 1. -If wc mix a little bleaching 
powder with water, and put a [)ie(c of coloured 
cotton rag into it, the colour will not be discharged ; 
but if w'c then dip the rag into water containing 
(or rendered sour with) a little sulphuric acid, the dye 
will begin to disappear; and if wc repeat lhi.s once or 
twice, the rag will become while. This is the plan 
used by bleachers. 'I’hc acid in the souring sets 
free the chlorine from the bleaching lujuor, and this 
takes aw*ay the colour by destroying it. 


50. Sulphur or brimstone is a yellow solid cle- 
ment ; we know it in fine yellow' powder, flour of 
sulphur, and in sticks or rolls. If wc heat a little bit 
of sulphur in a spoon over a flame, it first melta» 
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then boils, and then takes fire and bums away 
entirely, giving off a pale blue flame, having the well- 
known smell of burning sulphur. 

In this burning it is uniting with the oxygen of the 
air to form an oxide of sulphur, which is a colourless 
gas. Sulphur is used for putting on the ends of lucifer 
matches, because it easily takes fire and lights the 
wood. It is also used for making gunpowder, which 
is a mixture of sulphur, ch arcoal, and nitre. 

Free sulphur is found in the earth in volcanic dis- 
tricts, and comes chiefly from the island of Sicily. 
Sulphur is found also in combination chiefly with 
metals, forming sulphides of the metals. These 
sulphides arc generally the ores of the metals, that is, 
the substances from which the metals are obtained. 
'I'hus the ore of lead, a mineral called galena, is sul- 
phide of lead. Sulphur also combines with oxygen 
and hydrogen to form sulphuric acid, a very im- 
portant chemical compound. This acid is a hea>y 
oily liquid, and is commonly called oil of vitriol, 
and it is made in cnomious quantities (many thou- 
sand tons every week), and used for a great number 
of processes — for making alkali, for soap making, and 
dyeing, and calico printing and bleaching, and for the 
prejiaration of almost every other acid. Sulphuric 
acid unites with metals to form sulphates —thus we 
have sodium sulphate, or (dauber salts ; iron 
sulphate, or green vitriol ; copper sulphate, or 
blue vitriol ; and many others. 


51. Phosphorus is an element which docs not 
occur in the free state in nature, but is contained in 
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the bones of animals in combination with ow^vn, 
and the metal calcium forming calcium phosphate. 
When a bone is burnt, a white porous mass is Icti 
called bone-ash, and from this ph(.>sphorus can be 
prepared. 

Phosphorus, like carbon, exists in two difTcrent 
forms : one is knov^m as yellow or common phospho- 
rus ; the other as red phosphonis. 'Fhese two sorts 
of phosphorus differ very much in their properties. 

Experiment 42. — Take a small iron tray, j>l:ucd 
on a tripod, and carefully cut off a bit of yellow i)hos- 
phorus as large as a quarter of a j>ca ; this must be 
done under water, as the phosphorus is a very infl.nn- 
mable and dangerous substance, because it takes fire 


of itself in the air, and produces 
serious bums if it takes fire whilst 
in the fingers. Then quickly <iry 
the bit of phosphorus on a cloth 
or blotting-paper, and put the 
dried bit with a pair of tongs or 
a knifc-bladc on to the iron tray. 



Next take a bit of red phosphorus ^ 

(or the powder) of the same size, 
and put it also on the iron tray. You will see that 
the red phosphorus is not kept, like the yellow, under 
water. The reason of this you will soon understand. 
Now put the flame of a lamp under the tray ; — in a few 
instants the yellow phosphorus fig. 33) will take tire 
and bum with a bright flame, and give off dense white 
fumes, 'rhe bit of rt^I phosphonis (r/), liowevcr, docs 
not take fire, and we have to continue the heat for 


some time before this red substance catches fire : this 


it doeS| however, at length, and then burns exactly 
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like the ytllow phosphorus. Thus we see that yellow 
phosphorus is very inflammable, and must be kept 
under water to prevent it taking fire with the oxygen 
of the air, whilst the red variety does not bum at all 
easily, and can therefore be kept in the air. 

P^XPKRIMF.NT 43. — Yellow phosphoHis tikes fire 
by nibbing it. lake another very small bit, and 
wraj) it in a piece of blotting-paper ; then rub it with 
your boot on the floor, or w'ith a hammer on a piece 
of wood. You will sec that the rubbing causes the 
phosphorus to take fire and bum. This is the reason 
that common lucifer matches light when they are 
rubbed. 'J he brown or red tip of the match contains 
])hosphonis ; when you rub or strike the match on 
a rough surface, the varnish which covers the phos* 
phorus paste is scratched otf, and the phosphorus 
takes fire and the match bums. 

Irately safety lucifer matches have been made, 
which light only on the box. How is this ? A 
little thought and examination will soon teach us. 
Take one of these s,ifety matches, and try to light it 
on the sandpaper outside a common match-box, it 
will not light ; but rub it on the brown or reddish brown 
pa{)er on the outside of the safety match-box, and it 
takes Are at once. The explanation is easy : the tip 
of the safety match contains no phosphorus, but only 
some substance which will easily cause phosphorus 
to bum, and therefore it cannot light by rubbing on 
any rough surface ; the pajicr on the box is covered 
with some |>owdered red (or non-inflammable) phov 
phorus ; when you strike the safety match on this 
red paper, a little of the red phosphorus sticks to the 
end, and then takes fire with the mixture on the tip. 
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52. Silicon is an element which (like phosphorus) 
w'c do not meet with in the free state in nature, although 
it is contained in enormous quantities in combination 
with oxygen. Silicon oxide, or Silica, is known as 
quartz or rock crystal, and it is found in almost 
all rocks. Sand, sandstone, aiul llint arc also more or 
less pure silica. Silica forms, with metals, compounds 
called Silicates. Clay is a sili(.ite, so therefore 
* arc bricks, pottery and chin.o, which arc made from 
clay. Glass is also a siliaitc ; it is made by healing 
together in a hot tire or furnac e a mixture of wliile 
sand (silica), lime, and soda, or of sand, oxide of 
lead, and potash. 

I'he first mixture forms what we know as plate- 
glass or window-glass ; the second j)rodu< es Bint- 
glass. Silicon itself is a black crystalline substance, 
and is got by taking away the oxygen from silica. 

All the rocks and stones of wliich the solid earth 
is made, contain either silicon or some metallic 
elements, or both combined with oxygen. So you 
sec that the earth is made up of burnt or oxidized 
substances. Now let us learn a little about Uie 
chief metals which tlic earth contains. 


METALS. % XIS, 

53. Iron. — Wc may wxll begin an account of the 
more imjK>rtant jmetals with iron, l>ecausc of all of 
them iron is the most useful to man. Without iron wc 
should almost be .savages ; we couhl have no railroads, 
nor engines nor nuchines ; no gas-pi pcs or water pipes, 
no tools or knives. There ivas once a time when men 
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had no iron, because this most useful substance is not 
found as a metal, but as an earthy ore, from which 
the metal can only be got with difficulty. In tliosc 
old days men used tools made of bronze or copper, 
and in still earlier times they only used stone hatchets 
and knives. One most useful ore of iron is red iron 
oxide, called haematite iron ore. By heating this with 
charcoal the oxygen is got rid of, and the metal iron 
remains, and this can be hammered into bar-iron, 
from which we can make horse-shoes or spades ; and 
it can be flattened by rolling into flat plates for 
making shijis or boilers. 'Phis is called wrought 
iron, because it can be hammered and wrought, or 
made, when it is red-hot, into anything which is 
wanted. This is the kind of iron which w'e see the 
blacksmith uses to make nails or horse-shoes, or the 
tyres of wheels ; and it is very useful, because when 
hot it can be welded, that is, two pieces of hot iron 
when hammered together stick firmly together so that 
they cannot be separated. But there is another kind 
of iron also very useful; this is called cast-iron, 
because it can be melted, and poured when melted 
into moulds, and castings then got. Cast iron is used 
for making gas and water i>ipcs, for lamp-posts and 
railings, and large wheels, and the heavy stands for 
machines, and a great number of other things. Cast- 
iron is made from iron ore and coal, and lime- 
stone, by putting these into large high fum.iccs, 
callcd-^last furnaces, because tlie air is blown in 
to bum the cool and melt the iron by a powerful 
blast. 

Cast-iron cannot be hammered when hot, like 
wrought iron, into bars or rolled into plates; it is 
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brittle, or breaks, like glass, into pieces under the 
hammer. Cast-iron is not pure iron, but contains 
carbon, which it gets from the coal ; we can burn 
the carbon away (by a process called puddling), and 
we thus can get wroiight-iron from cast-iron. A third 
kind of iron is called steel ; this is used for making 
razors, knives and tools, because it is both hard and 
^tough, and can be ground so as to have a sharp edge. 
Steel also contains a little carbon, and can be made 
cither from wrought or from cast iron. 

If we burn iron in the air (Experiment 31) or in 
oxygen, we get oxide of iron. I'he same thing is 
formed when any piece of bright iron is left cxi)Osed 
to air and wet ; it becomes rusty, and at last will all 
change to rust. Iron-mould on linen is also oxide 
of iron, or rust. 

Experiment 44. — If you pour a little dilute sul. 
phuric acid on a few iron filings in a lest tulxr, gas 



will at first be slowly given off ; if the tesHube be 
wanned, the gas will esca[>e more quickly, and it may 
be lighted at the mouth of the glass. Tliis gas is 
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hydrogen ; the iron dissolves in the acid, forming a 
salt, called sulphate of iron or green vitriol, and the 
hydrogen of the sulphuric acid is given off. If you 
fill the test-tube with water, and then filter the liquor 
through a pap>er filter, you will get a nearly colourless 
solution ; and if this be evaporated or l^iled down 
(fig. 35), crystals of green vitriol will be formed on 
cooling. 



t ic 35 

We can tell thav .ron is present if \vc add a little 
of this solution mixed with a few drops of nitric acid 
to a pint of water, by pouring in a few drops of the 
lx)ttle labelled “ potassium ferro cyanide,” or yellow 
prussiate of potash, when a dark blue colour (of Prussian 
blue) will be formed. 


54. Aluminium. — We take this met.al next be- 
cause it is the metal got from clay, and therefore is 
contained in large quantities in many rocks. No one 
would suppose that a bright, silver, white metal can be 
got out of common clay, and yet chemists can do so. 
It is a pity that it is not easy to get rid of the oxygen 
in the clay, for then we might use the bright metal 
aluminium for very many purposes. It costs too 
much to make the metal, although clay b so cheap 
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and common. When this bright metal is healed in 
the air, it bums and forms an oxide called alumina, 
the earth of clay. 

The white cry^stals of alum contain this metaL 


55, Calcium too is a metal which it is very difficult 
to get in the pure state, although its com|>ounds are 
fery common. Quicklime is calcium oxide ; chalk 
and marble and limestone and coral arc all calcium 
carbonate ; gypsum is calcium sulphate ; and bone 
earth is calcium phosphate. So you sec that there it 
plenty of this metal in the earth. 

Experiment 45. — In making carl>onic acid from 
chalk and hydrochloric acid (Experiment 29), the 
liquid remaining in the bottle is a solution of calcium 
chloride. If you filter the liquid and boil dovm the 
clear solution to dr)’ncss, you will find a white dry 
]>owder left This is a salt called calcium chloride. 
We used it in Exi>criment 20 for dr)'ing the hydrogen 
and collecting the water, as it lakes up moisture with 
great case. Let a little of ilie dry powder remain 
exposed to the air for a few hours ; you will then 
find that it has become licpiid, because it has 
absorbed, or taken up, the moisture which is always 
present in the air. 

If you add some of the clear solution lal>elTed 
“sodium carbonate,” to a little bit of the dry j)owdcr 
of calcium chloride, which you have dissolvi’d in some 
water in a test tube, you will see that the two clear 
liquids at once become milky or turbid. This is 
because calcium carbonate, or chalk, is proiluced, and 
this chalk is insoluble, or docs not dissolve in water, 
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as the calcium chloride does, and it is therefore 
thrown down, or precipitated. This represents what 
happens : — 

We take — 

Calcium chloride ) » t Sodium carl>onate ; 

(soluble in water) ) ( (soluble in water) 

and we get, on mixing the solutions — 

Calcium carbonate^ or chalk ) ( Sodium chloride, or commoR 

(insoluble in water) ( ( salt (soluble in water). 

This shows you that some salts of the same metal 
may be not soluble in water (like chalk), whilst others 
(like calcium chloride) readily dissolve in water. But 
you must take care not to fancy that any substance is 
afterwards present which was not there before ; we 
have here to do only w ith a difference of arrange* 
ment An exchange takes place by which the chalk 
is formed, but the materials of the chalk were present 
in the original substances. 


56. Magnesium is a soft, silver-white metal, 
which can be made into wire and ribbon. 

Experiment 46. — If you hold the end of a bit of 
magnesium ribbon about six or eight inches long in 
the flame, the metal will take fire, and bum with a 
daxxling white light, and a white pow^der will fall on 
the ground. I'his white i>owder is magnesia, the 
oxide of the metaL Black as well as white fumes 
will be seen whilst the magnesium is burning. 7'he 
black fume is not soot, for there is no carbon present ; 
it consists of some of the metal, which is not burnt, 
but is sent off as a cloud having a black colour ; the 
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white fume is the solid oxide magnesia going oflf in 
fine dust. 

Experiment 47. — If you collect some of this white 
powder and warm it in a test-tube, with a few drops 
of sulphuric acid, the white powder wall dissolve; then 
pour the clear solution into a porcelain basin, and 
boil off the greater part of the water. On cooling, 
some long needle-shaj)cd crystals will be found in 
*lhc basin. These crystals arc Magnesium Sul- 
phate, or Epsom Salts; a comiK)und of mag- 
nesia and sulphuric id. 

There are many other compounds of magnesium, 
some of which are found in minerals and rocks. The 
metal is never found uncombinerl, and the jmv'ess for 
making it from magnesia is rather a costly one ; still 
it is now used for burning, and for making fireworks 
and signals, where a very bright light is needed. It 
keeps bright in dry air, and might be use<l for many 
purposes if it could be got cJuMply, 


METALS. § XX. 

57. Sodium is the metal which we used (Experi- 
ment 1 3) for getting hydrogen from water. It is very un 
like any metal which w'c see used in the arts ; not only 
cannot we keep sodium in the air, because it at once 
oxidizes and forms a white j»owder, Init we must not 
allow water to come near as it at once will combine 
with the oxygen of the water, arvl .set free the hydrogen ; 
but the metal must be kept under rock oil, which 
contains no oxygen. Wc have seen (Experiment 13) 
that a bit of this curious raetal, thrown on to water. 
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swims on the surface, and hydrogen is given off ; if 
the water has ])ecn turned red with a little red acid 
litmus, the colour will change to blue after the sodium 
has disappeared. This is because the alkali soda 
has been produced. 

Experiment 48. — Sodium is a very useful metal 
to the chemist, for he can by using it get the two 
preceding metals, magnesium and aluminium. Sodium, 
as you may be sure, does not occur in the free state in • 
nature ; it is made by taking away the oxygen from 
soda (the oxide of sodium). If you heat a small bit 
of sodium in a spoon over the flame of the lamj), it 
will first melt, and then take fire and burn wdth a 
bright yellow-coloured flame ; white fumes of the 
oxide (soda) will be given off. 

Sodium is the metal of the soda salts, a great many 
of which are very' useful and common substances. 

The following is a list of a few of the most impor- 
tant : — 

CemtHifH Sam*. > Ch.mi.alSamf. l M’hat it 

S«a. table, or r\>cL sail. ; Si> ant! chlorine. 

CUatilier KiUtK Smlmm »ul|>h.Uc. i Sotbiim .'ind nijlfvh. at it! 

Wavhiug-inMla cryiuia. Stnlmm catlvnnalc. Soiiium and owrb. acut. 

Chili aaltikcire. Sodmot nitrate. S^idtum and mine acid. 

Of these, rock-salt is found in largest quantity : it 
is got from mines, in Cheshire and elsewhere, and 
many hundreds of thousands of tons are used every 
year. It can also be got from sea- water by evapora- 
tion. From it Mil the other sodium salts can be got. 
Thus, if you w'ant to get sodium sulphate or Glauber’s 
salts, you have only to pour sulphuric acid on to 
common salt ; a dense fume of hydrochloric acid 
gas comes off, and sodium sulphate is left ; what here 
happens is this ; 
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We take 

Sodium chloride (common sail) and sulphuric acid, 

We c^et 

Sodium sulphate (Glauber’s salts) and liydrochloric acid 

You may easily show that the fumes are strongly acid, 
by holding a little bit of wet blue litmus paper in 
the midst of the fume, when it w ill at once go red. 


58. Potassium is the metal contained in the alkali 
potash, and in the potash salts. A small bit of i>otaH- 
sium, as large as half a pea, thrown on to water, 
combines so violently w'ith the oxygen, that the hydro* 
gen at once catches fire and burns, the flame being 
coloured violet by the alkali potash which i.s 
formed. 

Potash salts arc found in many pKu cs in the earth, 
and also in the ashes of plants ; and this alkali derives 
its namq because it can be got by boiling out woo<l 
ashes in pots. There are many useful jHjtash 
£alts: soda and potash arc called the alkalies. 


Common ^ame, ' X.ittt*. 1 H'kot it 

PotaAhes. j uO'! c4rl*'fnM. 

N itre t'r ■«ilt j>etrc. 1 I'-.l-i (> tr ,ti.- | ,:ii jri<J 

Clilufiiilc uf I f*ot-i4>bV,utn Miioraic. ei u*}Xr.n. 

Experiment 49. — Soap is made by boiling animal 
or vegetable oils or fats with alkalL Soaps contain- 
ing soda are hard soaps; )x>tash gives soft soaps. 
Common fat is boiled with alkali, and thus soap 
Is got You can easily make soap by pouring half an 
ounce of castor oil into a thin {>orcekun basin wiui 
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some hot water, and adding some caustic soda ; then 
on boiling the liquor the oil will all disappear, and 
soap will he formed which dissolves in the water. 
When it has boiled for a little, throw in a handful 
of common salt ; this will dissolve in the water, and 
will drive out the soap, which will swim on the sur- 
face. When cool, this soap will lKCC>me a white, 
hard solid, and may be used for washing your hands. 
Common oils or fats are generally used; we have* 
taken castor oil, because it is made into soap more 
easily than ordinary hits. 

We next have to s[>cak of several metals which 
are useful substances, sonic more valuable than olliers, 
but all used for a variety of purposes. 


METALS. % XXI. 

5Q. Copper is a reddish coloured metal, used for 
making kettles, and pans, and boilers ; cojiper wire 
is very useful, because it is both soft and tough. Me- 
tallic copper is sometimes met with in nature ; it is 
then called native copper ; it is, however, more 
commonly got from copper ores, of which there 
are se\ cral kinds. The most important ore of copper 
is the comjiound of copper and sulj)hiir, which we 
made in Experiment 5. By taking away the sulphur 
the pure metal copper can be got. 

Copper is much used to mix with other metals, and 
yields useful alloys or mixtures of metal, such as 
brass and bronze. When copper is heated in the 
air, it tarnishes, and then becomes covered witli 
a black coating of oxide ; and if the heating be con- 
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tinued, all the copper combines with the oxygen ol 
the air, and we get copper scales or black oxide 
of copper, which wc used in Experiment 20. 

Experiment 50. — If you take one or two copi>cr 
turnings in a test-tube, and pour on to them a few 
drops of nitric acid, dense brownish red fumes will 
be given off from the nitric acid, and a blue solu« 
tion of copper nitrate will be formed. The 
t:oppcr has combined with oxygen and with nitric 
acid. One droj) of this blue solution, poured into 
a test-tube full of water, will still give a blue colour 
when we add ammonia, and thus we t an easily test 
for the salts of copper. JJlue stone (Experiment 3?), 
or copper sulphate, is a compound of copper and 
sulphuric acid. You may try the ammonia lest with 
a drop or two of a solution of this subs»ian< c, and 
show that it gives the same deep blue colour as the 
copper nitrate did. 


60. Zinc is a useful white metal. It is used for 
covering iron plate, which is llien .said to be galva* 
nized iron. This covering of zinc prevents the iron 
from rusting in damp air. The chief < re of the metal 
b zinc sulphide, a com|K)un(i of zinc and sulphur, 
called Blende* Zinc b also used to mix with other 
metals to form useful alloys ; thus brass b an alloy of 
zinc and copper, and it b, therefore, not a simple or 
elementary body. 

Experiment 51. — If wc dissolve zinc in dilute 
sulphuric acid (Ex{>erimcni 15), wc get hydrogen 
gas given off and zinc sulphate left. us filter 
some of the liquid got in making hydrogen, and Uieo 
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evaporate it down. On allowing it to cool, white 
cr3rstals of zinc sulphate will be formed. Zinc will 
bum when thin turnings are strongly heated in the 
air, and a white powder of zinc oxide is formed ; 
in this respect zinc resembles magnesium. 

6x. Tin is a bright white metal much used for 
** plating ” iron. Common tin-plate is really iron-plate^ 
which is covered with tin by dipping the iron into 
melted tin. 'I'his coating of tin preserves the iron 
from rust. Tin is also used for making several useful 
alloys, such as pewter, Britannia metal, plumber’s 
solder. The most im[)ortant ore of tin is an Oxide 
of Tin, known as Tin Stone, and is found in 
Cornwall. Metallic tin is got from tins by heating 
it with charcoal, which takes away the oxygen, and 
the pure metal melts and can be drawn off 



Experiment 5a. — Take a little powdered oxide of 
Tin^ and mix it with about the same quantity of car- 
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bonate of soda, and then put this mixture in a hole 
made in a bit of charcoal. Now heat this with the 
flame of a blow pipe, got by blowing into a luminous 
gas-flame, made by sio])ping up the holes at the bottom 
of the Bunsen burner, as shown in the figure. Soon tlic 
mi.xture will melt, and after heating for some time you 
then cut that part of the charcoal out with a knife, and 
rub the whole to fine powder in the mortar. Next wash 
• away all the light particles of charcoal with water, and 
you will find some heavy bright round grains or globules 
of while metallic tin remaining at the bottom. In this 
experiment the oxygen of the tin oxide lias united 
wiili the carbon of the charcoal to fonn carbonic 
oxide gas, whii h goes oft', an<l the metal tin remains 
behind and melts witli the hcaL 


62. Lead is a heavy metal with a bluish colour: 
it can be ca.sily melted and cut, and docs not rust or 
oxidt^e in the air ; so tluit it is very useful for making 
pipes for gas and water, and for rolling into .sheets for 
covering the roofs and gutters of houses. It is also 
usc<i for making shot and bullets, because it can be 
easily melted and cost l>ead ore is found in Wales ; it 
is called Galena, and is lead sulj/hidc. The process 
forgetting the metals from the ores is called smelting; 
and the branch of science which has to do with the 
getting of metals is called metallurgy. 

There are several very useful compounds of lead. 


Na$m, | ChemuAl Xamir. 

White lead. 1 carUjoatc. 

iUdkad. Ked lead o«»dc . 

lilhafge I Yellow lead ewida. 

Sugar oi lead. L«ad acetalc. 

OmuM: jrcUoaa | Lead chromate. 


H'Jhtt if tmtiauu. 

and caiiwifttc add. 
Lead and oxygen. 

I.ead ajtd o«y|«n. 

Lend and chmk Mid. 
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White-lead, red-lead, and chrome-yellow arc used as 
paints. You must remember that black-lead is the 
common name for graphite, and that it contains no 
lead whatever ; it is pure carlK)n. 

Experiment 53. — Add a little solution of potas- 
sium chromate to a glass filled with water, to which 
you have added some lead acetate solution. A 
splendid yellow preciiiitate of lead chromate, or 
chrome yellow, will be produced. This is what, 
happens : — 


Bt/ort Mixing. 

PoUuMuum chromate an<l Ir.td ) 
uble i 


A/ttr Mi.ving. 

tChrom.Uc of Ic.nl ‘ in>«luMe yellow 
give ^ and pi/la»<siuin acetate 


63. Mercury or quicksilver is the only simple 
metal liquid at the ordinary temperature, nnd it is very 
valuable for this reason, especially for making thermo- 
meters (instruments for measuring heal) and baro- 
meters (instruments for measuring tlic j^rcssure of 
the air), about which you will learn in the Physics 
Primer, and for silvering mirrors. Mercur)^ does not 
tarnish in the air, but it o.\idizcs when healed, form- 
ing red oxide of mercury, from which the oxygen 
can be driven off again by healing it more strongly 
(Experiment 30X Mercury can be boiled, and, like 
water, it may be distilled. Like many other metals, 
mercury and its compounds are very j>oisonous, but 
taken in small quantities some of them are used as 
medicines. 


64. Silver is a highly prixed and valuable metal 
It is found in MexicO| Peru, and elsewhere. The 
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property which makes silver so useful is that it never 
tarnishes from oxidation, but it goes black when 
brought near sulphur, as a black sulphide is fonned. 
Silver has been used since the earliest limes for making 
valuable and bc:iutifui articles, and especially as an 
article of exchange as silver coin. English silver 
coin contains a liulc co]>per, added for the purpose of 
hartlcning the silver. 

• KxPKkiMiNT 54. — Let us see if we can find both 
cop[!er and silver in a sixpence. Cut a piece of a 
sixficnce, put it into a test-tube, and pour on it some 
nitric ac itL Soon dense red fumes will come off from 
the nitric acid, and on warming gently the whole of 
the silver will be cpiickly dissolved. We have seen 
(Experiment 22} that silver can be used to <lelccl the 
presence of sodium chloride, or common sail. Now 
add some solution of common salt tg the solution of 
silver in nitric acid ; a dense white precipitate 
of insoluble silver chloride will be thrown down. 
What happens is this : — 

H 'f H'f c^t 

SUrer mtrAtr Silver chlornlr Cr vlntu runly |*.>vc 

itx.th )uUc Mil'll), dcr iitv luMi" it< Jui'l * wJjum 

nitrjic M* WAtcr^, 

Now ftUer through pa{>cr. The clear solution has a 
bluish-green colour, an<l contains the whole of the 
copper. Put a bit of bright iron into the liijuid, and 
a red deposit of incuiiic copper will soon be seen on 
iron. 

65. Gold is a still more valuable metal than silver. 
It has a bcautitul yellow colour, an<l is found always as 
metallic gold. lately much gold has been got from 
(/aiifornia and Australix Gold is otiC of the heaviest 



SCIENCE PRIMERS, 


r§ XXII. 


metals we know of, and it can be drawn out into very 
thin wire and beaten out into very thin plates called 
gold leaf, which is much used for gilding. Pure 
gold is too soft to make coins of, so in England a 
little co|)|>cr is added to the gold to make sovereigns, 
which has the cfTet t of hardening the metal. 

Experiment 55.— (*old docs not dissolve in any 
one acid. Take a leaf of gold and divide it into 
two pieces ; put one piece into one test-tube and* 
one into another ; pour upon one a little nitric acid, 
and into the other a little hydrochloric acid. 1’he 
gold in neither glass will dissolve ; now ]>our the two 
together and the metal rapidly disappears, showing 
that although neither acid by itself can dissolve gold, 
a mixture of both can do so. Ciold never tarnishes 
in the air or gets stained with sulphur, like silver, 
so that it lias ^een much used for ornaments as well 
as for coin from the earliest times, 

RESULTS. XXII. 

66. Combination in definite proportions. — 

It will be useful to consiilcr some of the most impor- 
tant results to which the study of fire, air, water, and 
earth has led us. You have now a distinct idea of 
I4#mc of the ditVerent kinds of matter of which 
the world is made up. You have learnt that all 
the various things — whether solid, litjuid, or gaseous ; 
whether animal, vegetable, or mineral — arc composed 
of one or more of sixty-three elementary or simple 
iubstanccs. No one of these can be converted into 
any other one, nor has .any one of these ever been 
split up into two dilTcrcnt new things. 
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You have also leamt that those elements unite 
together to fonn compound bodies which differ alto- 
gether in proi>crties from the original elements, but 
Irom which these original elements can again be ob- 
tained in various w'ays. You have learnt that the 
weight of the compound is always exactly the sum 
of the weights of the elements, and that in all the 
cheniical changes which take place, no loss of weight 
t»'cr occurs. We cannot either create or destroy 
matter. 

rhe use of the balance for weighing bodies and for 
determining the composition of chemical substances 
has also been made clear to y*)U. C'hcmists have to 
weigh everything they wi.sh to examine, ami thus to 
find out — as we did in the t ase of water in Kxperi- 
tnent 20 — what weight of each element is (onlained 
in the com[>ound. 

We found that — 

Sixteen parts by weight of oxygcMi. . if> 

and 'I’wo parts by weight of hydrogen . . 2 

make up eighteen parts by weight of water , 18 
ami I told you that water always frjulain.s its ele- 
ments in these fixed prof»orlions. The .same thing 
is true for all other chemical compounds— they all 
contain tlicir elements in fixed proportions. 'Ihus, 
for instance, chemists have found, by faicful weigh- 
ing, that the red oxide of mercury which we used in 
Experiment 30, always contains 

Oxygen . .16 i>art-s by weight 

and Mercury . . 200 „ ^ 
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So if I want to get i6 lbs. of oxygen, I must take at 
least 216 lbs. of the red i>owder, and if I do not lose any 
by arcident, I shall get exactly the quantity of oxygen 
I want. And you will understand that by a simple 
proportion 1 can calculate the weight of the red oxide 
whirh I must take to get any other weight of oxygen. 

'^rhis great fact of the constancy of chemical com- 
bination runs through all the changes we have noticed. 
If wc want to get all the nitric acid we can from 
the least weight of nitre and sulphuric acid (Experi- 
ment 3iS), we must take 98 parts of sul|>huric acid 
and 101 parts of nitre, and wc shall always get 63 
parts of nitric arid. And if 1 burn 24 parts of 
nugnesium wire (Experiment 46), I shall always get 
exactly 40 parts of nuigne.sia, provided I lose none. 

'J hus you learn that all the elements combine with 
each other in fixed proportions by weight, and the 
numbers representing these proportions arc called the 

67. Combining weights of the elements* 

Here is a list of the most important elements— 


1 KUmfnU* 


Oxygen . • 

0 16 

Iron . . 

Fc - 

5 ^ 

Hydrogen . 

H - I 

Aluminium Al 

27 

Nitrogen • 

N 14 

Calcium . 

Ca - 

40 

Carbon . • 

C »» la 

MagnesiumMg** 

34 

Chlorine . 

Cl . 35 

Sodium . 

Na«. 

23 

Sulphur 

S - 3a 

Potassium K — 

39 

Phosphorus 

P „ 31 

Copper . 

Cu « 

63 

Silicon • • 

Si 28 

Zinc . . 

Zn - 




Tin . . 

Sn - 

xxi 



Lead . . 

Pb- 

207 



Mercury . 

Hg- 




Silver 

Ag- 

X08 



Gold • • 

Au — 

19^ 
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with their combining weights and their symbols 
attached to them. The letter placed after the name 
of each clement is the symbol or short way of writing 
the name ; thus, instead of writing the word phos- 
phorus, I may write the letter P. I’or these symbols, 
the first letters of the words are generally taken ; but 
in some cases the I^tin and not the Knglish word is 
used ; thus Pc stands for iron, from the l^itin ferrum, 
Ag for silver, from the argentum. Tlie 

numbers placed after the symbol of oaeh element 
represents the fixed proportion, by weight, in 
which that clement combines with others, b'-ach of 
these numbers has been found !)y e\)>erimcnt, that is, 
by the analysis of the compounds whidi that one 
element forms with others. 'Phiis we find, when we 
analyse the red oxide of rnercur)', that it contains ib 
parts by weight of oxygen to 200 parts by weight of 
mercury’, to form 216 parts by weight of the oxide ; 
or when we heat sulphur and copper together (Kxperi 
ment 5) until they combine, we find that exactly 63 parts 
by weight of copper unite with 32 parts by weight of 
sulphur to fonn 95 parts by weight of copper sul}>hide ; 
and if more than this cjuanlity of one of these ele- 
ments had been taken, it remains uncornbined. Now 
the same weight of oxygen (16 })aris; unites with 
other metals to form oxUles, and the weight of metal 
with which it unites is either the combining w’cight of 
the tnetal, or some weight bearing a close relation to 
the combining weight I’hus 16 parts by weight of 
oxygen unite with 56 parts by weight of iron to form 
an oxide of iron ; with 40 parts of calcium to form 
an oxide of calcium, called common lime ; with 65 
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of zinc, ii8 of tin, 207 of lead, to form oxides of 
these metals. 

Our chemical short hand means, however, more 
than I have yet told you. If I write the symbol O, 
or the symbol Hg, 1 signify thereby not any weight 
of oxygen or of mercury, but exactly the combining 
weights of these two elements. O means 16 parts 
by weight of oxygen, and no other weight ; Hg means 
^oo parts by weight of mercur)', and no otlier weigh?; 
and therefore I have written O 16 and Hg «« 200 
\n the table. 

Now sui)posing I want to write the chemical symbol 
for a < ompound, 1 have only to put the syml)ols of the 
elements it contains alongside of one another. Thus 
IlgO signifies oxide of mercury ; and this symbol not 
only tells me that the compound contains oxygen and 
mercury, but it tells me how much oxygen and how 
much meicury the body contains, because I remem- 
ber tliat 0 moans 16, and Hg means 200; so that 
the chemical syiiilx)!, or formula, is most useful as 
cxpresaiiig not only the qualitative composition (or 
what the body contains), but also the quantitative 
comijosilion (or how nun h of each thing the body 
contains). Thus, again, CaO means c;ilciuin oxide, 
or lime, and cxailly 40 and 16, or 56 parts by weight 
of lime ; ZnO means zinc oxide, but 65 and i6 or 
81 |xirts by weight ; whilst H ,0 signifies w’ater, being 
twice H, or two parts by weight of hydrogen com* 
bined with t6 |>arts by weight of oxygen to form 18 
parts by wxight of water. 

68. Some of the elements combine together in dif- 
ferent 6xcd ptoi)orttons, forming teverad compounds* 
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'Fhus nitrogen and oxygen unite to form five different 
romjxjunds, as follows ; — 

The first com|)Ound, called nitrogen mon-oxide, 
contains 28 parts by weight of nitrogen, to 16 parts 
by weight of oxygen. 

The second compound, called nitrogen di-oxide, 
contains 28 parts by weight of nitrogen, to twice 16, 
or 32 parts, by weight of oxygen. 

* The third compound, called nitrogen tri oxide, con- 
tains 28 parts by weight of nitrogen, to three times 16, 
or 48 f)arts, by weight of oxygen. 

llic fourth compound, called nitrogen tetroxide, 
contains 28 parts by weight of nitrogen, to four times 
16, or 64 parts, by weight of oxygen. 

^rhe fifth and last conijjound, called nitrogen pent- 
oxide, contain.s 28 jiarls by weight of nitrogen, to five 
times 16, or 80 parts, by weight of oxygen. 

Now remembering that N means 14, and that () 
means 16, wc can easily write the symbols fur the 
above compounds. 

The first compound contains 28 parts, or tw'o 
combining weights of nitrogen, to 16 parts, or one 
combining weight of oxygen. Ilcntc wc write the 
symbol of this comjioutHi NgO.^ 

For a like reason we write the formula 
Of the second compound 

„ third „ 

„ fourth „ 

fifth „ NgO, 

From this we see that the weight of oxygen con- 
tanked in the four last of these compounds is twicer 

* Th* fifurtr wfWusi tMel"/* Umt Mc»m Uurt tW wdf St k to Im 

tkSuem man tltun M»cm. Oj mcaint Qxyeca m tt uSwi ihna Immm, m 
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three times, four times, and five times that contained 
in the first comjKjund. And, moreover, we find that 
it is not |>ossible for us to prepare a compound con- 
taining any intermediate quantity of oxygen. If, for 
instance, we try to combine 28 parts by weight of 
nitrogen, with 20 parts by weight of oxygen, we get 
the whole of this nitrogen combined with only 16 of 
the oxygen, the other 4 parts of oxygen remaining 
iincomi)incd. Here, then, we have arrived at the two 
most important laws of < hemical combination : — 

1. l*he law of combination of the elements in 

fixed proportions, called the combining 
weights. 

2. 7’hc law of combination in multiple proportions 

of these combining weights, when several 
compounds of the same two elements exist 


69. Meaning of a chemical equation. 

You will now be able to understand that all the 
chemical changes which I have spoken of, and which 
you have seen, or ever will sec, can be written down 
in symbols. Kverj* one of these changes is definite, 
and in every case we can get to know not only what 
has taken place, but also how much of each substance 
has been formed Let us lake one or two examples. 
If I want to prepare nitric acid (Experiment 38), I 
take nitre (t>otassium nitrate) and sulphuric acid, then 
nitric acid distils over, leaving potassium sulphate in 
the retort Now what hap}>ens in this change ; and 
how much sulphuric acid and how much nitre am I to 
take, so as not to waste cither ? In order to find this 
out, 1 must write down the formula for uiirc, and for 
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sulphuric add. Nitre is uTitten KNO,;' that is, it 
contains three elements — potassium, K 39 ; nitrogen. 
N « 14 ; oxygen, Oj *» 3 times 16, or 48. Sulphuric 
acid is written HgSO^ ; that is, it rontains hydrogen 
H, twice I, or 2 ; sulphur, S ; owgcn, «• 
4 times 16, or 64. When we mix iliese two com- 
pounds together, a change occurs ; half the hydrogen 
(H) in the sulphuric acid changes pla< e with the 
ti^olc of the potassium (K) in the nitre, and two new 
substances are fonned, viz. UNO.,, nitric acid (which 
distils off as a yellow liquid), and KHSOi, sulphate 
of potassium, which remains in the retert as a while 
solid salt This change we can iherefore express in 
an equation, thus — 

itf/tftr A/tff the 

Kitr« aiuj Sut)>hurK Acivl j h*U 1 Kilric A« iii I' »{.*vmiT»i 

KNO,-fH,SO, - HNOjfKHSO* 

This shows us, then, exactly what takes f>lace ; 
nothing islost ; the nitric acid and potassium sulphate 
which we get, wdgh, taken together, xs much as the 
nitre and the sulphuric acid wliich wc took. We see 
this clearly if we write down the numbers which these 
symbob represent 

J 9 * 2 ^ 32 + 64 I •t' 14 4$ ami 39 > 1 f 32 >64 

loi ♦ 98 » 63 4- 136 

The equation then tells us that if I take 101 part* 
by weight of nitre, and 98 ports by weight of sulphuric 
•dd, I shall get exactly 63 parts by weight of nitric 
acid, and that no nitre or sul[}huric a^ id will be wasted ; 

• The mumther below the letter to i^;d letter only. 
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and you will easily understand that these numbers 
enable you to calculate the tjuantity of the materials 
you must lake, to get any given weight of the acid. 
Suppose you wanted lo pounds of nitric acid, how 
much sulphuric aciti and nitre would you need to 
employ? Well, if you wanted to gel pounds of 
nitric acid, you would need 9H pounds of sulphuric 
acid, and loi pounds of nitre; and, of course, in 
order to get 10 pounds you will need ,!" of 98 pounfls 
of Bulphuric acid, and ,\!J of loi pounds of nitre. So 
that all calculations of this kiiul are matters of simple 
proportion. 

I, el us take one other example. ^Vo made hydrogen 
by ac ting upon zine with sulphuric at id arul water 
(I'.xperimcnt 15). 'file change whit h here takes j>lace 
is represented by tlie etjuation - 

Zn-bll.,SO, - If,- 

Zinc ai»l Sulphuric Acid ^ >ifhl lly»irv>grn ;*t>c 1 /inc Sulphate. 

65 and a -f 3- 4-64 yield 2 and 65 -f- 33 -f <>4 or 
65 and 98 yield i and 161 

of p^r{’> of pans of part* of 

Zinc. Sulphuiic Acid. liyUmgco. Zinc Suiplutc. 


I’his means that if I take 65 }>ounds of zinc, 
and 98 pounds of sulphuric acid, 1 must always get 
a |xmnds of hydrogen gas, and 161 pounds of zinc 
sulphate. If I ask you how much zinc and sulphuric 
acid must you take in order to get 40 pounds of 
hydrogen, 1 am sure you will all be able to tell me. 

In like manner every chemical change, as soon as 
we understand it, can be represented by a formula, or 
set of $)inbols, which tells us exactly what happens. 





REhl'I.Tr..l 


97 


and how much of each of the various materials must 
l>c taken, and how much of each of the several pro- 
ducts are formed. 

It is the business of the chemist to seek out and 
determine the nature of all new cliemicals which may 
be observed, and he docs this with zeal and ( onfulcncc, 
because he knows that if he has once determined, 
>^'ilh care, the nature of the change, and if he has once 
ascertained the profKWtions by weight in whic h the 
eleinenl.s, or compounds, take part in it, he has settled 
this particular <|uestion for ever, as the s*unc chemical 
combination always takes place accoriiing to the same 
unclunging laws. 


HINTS FOR THF USF OF THE ArPARATl’S 

AM) FOR Till*: KXIT.KIMK.N IS. 

1. Try ever)' experiment f>v«T carefully before it is 
shown in class, and observe rx<i^tly the cl« >tripHon given 
in the text. 

2. Cleanliness and neatness in manipulation arc as 
necessary' induing exfreriments as dearness <if exposition 
is in teaching. 

3. Place needed fur the cxjHrrimcnts of the 

day in order upon the tabic, so that there may U: no con- 
fusion or delay 

4. When the lesson is over carefully clean all the appa- 

* our gruM nuutrr m e»|»enit»mtal leciurri, AtttAmd (DJiny 

hoMn lo Che prcfnraboa of th« rx|^finicti(.% krt cacS owe pwot, 
bouisf upoa the mkccw of the expcrirntm 

r ; W uMd to try the uoppen of »Si the baiikx he bii4 to mm to tom 

that they hod ox become fued, xad thui would cau»c tklsjr bf rogtiiinitjc 
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ratus, and remove it and the specimens to a locked box or 
cupboard. Many of the acids, especially sulphuric and 
nitric, arc danj;crously corrosi\'e, phosphorus is dangerous 
from its inflammable nature, whilst these and others of the 
reagents arc poisonous, so that all must be completely 
removed from the pupils, «'md had better be kept in the 
teacher’s private room. 

5. The elder and more advanced pupils, having once 
sc'cn the teacher go through the course of experiments, m^ 
with great advantage be permitted to perform the experi- 
ments for themselves under his superintendence. 

Notes for the Experiments : — 

Experiment i.-~ if the neck of the bottle be very 
wide, the top must be covered by a piece of card, other- 
wise sufficient fresh air will get in to permit the continued 
combustion of the candle. 

Experiment 3. — The U lube containing the caustic 
soda should be carefully removed and corked up after each 
experiment, to prevent the caustic soda absorbing carbonic 
acid and moisture from the air. After the same caustic 
scnla has bc'cn used for the experiment several times, the 
lube must be cleantxl out, and a fresh supply of lumps 
of caustic soda obtained. 

Experiment 5. — This may also be done in a test tube ; 
lake care to have the copper turnings well heated before 
the sulphur boils, otherw ise the glow’ is not well seen. 

Experiment 6 . - Take great care how’ you cut phos- 
{)honis ; do so always under water. Then carefully and 
lightly dr) the bit of phosphorus with blotting paper, and 
put it, with a dry knife or small pliers, on to the small 
lloiiting iiislE 

Experiment 10.— I'his cannot be easily show’n in 
winter, as the light is not intense enough. 

Experiment 12.— How to charge the Grove’s battery. 
Measure one pint of water into a basin, and gradually 
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pour into this three fluid ounces of strong sulphuric acid 
or oil of vitriol, and let the liquid, after well mixing, bo 
allowed to stand till it is cool. See that all the clamps 
and metal connections are bright, using sand-paper to 
clean them. Set up the battery with the porous cells and 
platinums inside the pot cells, and clamp all tight. Pour 
the dilute sulphuric acid into the pot cells so as nearly to 
fill each ; then by means of a funnel carefully nearly fill 
each of the porous cells with strong nitric acid. The 
battery is now ready for action. When done with, the 
sulphuric acid may be returned to a bottle kept for the 
purpose, and the nitric acid |K)urccI into another bottle, 
unless the battery' have been long in use, when lx)th acids 
may be thrown away. The porous cells and zincs must 
be allowed to soak in water over-night and then placcil 
back in their places. Should any of the zincs lH*gin to 
effervesce in the acid when the wires of the battery are 
not in contact, they must be amalgamated afresh. This 
is done by washing the surface of ihc zinc with some 
hydrochloric acid, and then pouring some mercury, 
together with the acid, over the metal. Alter repealing 
this several timers, the metal will possess a uniform bright 
colour, and will not dissolve in dilute sulphuric acid unless 
the wires be joined. 

Experiment i6, — The union of sodium and mercury 
is always accompanied by a slight cxjdosion, but quite free 
from danger. Always take five tunes by bulk as much 
mercury' as sodium. 

Experiment 17.— It is best to mix the .sulphuric acid 
and w'ater (one to six by volume) lx*forc:hand ; |>our the 
acid into the water in a thin stream, and stir the mixture 
round. 


Exteriment 20.— a piece of hard wide glass lube 
without a bulb, fitted with a cork to the tube 
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and drawn out at the other end, as shown in the 
may serve instead of the bulb-tube A. Unless nearly 
half an ounce of copper oxide is taken the height of water 
formed will be too small. After the experiment is finished, 
the reduced metallic copper must again be oxidized by 
drawing air over it (by means of the oil-can used in Ex- 
periment 3) whilst it is heated with the lamp. The oxide 
thus formed w'ill have gained its original weight, and can 
be used again for a repetition of the same experiment, 

• 

Experiment 31. — In order that thisincreasc of weight 
by oxidation should be rendered evident, the magnet must 
be a good one, the filings very fine, and the balance 
delicate. Another mode of showing the increase of 
weight by absorption of oxygen is that mentioned above 
when the reduced copper is heated in a current of air. 

EXPKRlMKN'l 36.- It recjuircs a little practice to get 
the gas to burn permanently at the end of the tube. 

Experiment 40, -In a close room the evolution of 
chlorine gas should be avoided. 

Experiment 52.— When using the blowpipe the breath 
must be sent out from the cheeks and not from the lungs ; 
it is thus possible to inllatc the cheeks when required 
breathing through the nose. 
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LIST OF APPARATUS REQUIRKO FOR 
KACH KXPKRIMKXT. 

WITH AITROXIMATF PRU KS OF THK Al’Tlt' T.l .<?, 

As Aff-ssrs. y. //t'l'/.Vv, v- (V, ^ • 

/umJ ("iJ. , of Af.ini hiiUt ^ iin,i {infhn S.'ti , r.tt i 

Atf, Sinikxrn, .’/ I oh Ac n. 

No of V. ^ 

Kxjii. ^ / , .A 

I. — Taper with \\ iro hoMcr u u :* 

3. — Glass tul)c (oDtaininj; a t.iper, with (J inl>' f'-r 
holding; the cau>tic soda, ai)«l c.i.-u! ! ''i- 
tuhin^j to ( onnert to ihc aspirator . . . . o i A. 

Fair of hnnd-st:.ile^ with plas j>an.. and wt u;h! - 

fiorri 2o/. do\vnwaftl*i, in oak }»<oi .... r» 4 6 

5. — A 2-oz. s rta.k, . *<<*» tripod stand, 10/ . o j 1 

Punsen’s I'Utnrr, with one y.iid <»t c.ionn !i a; 

(This w ill he rt’pl.n f'd hy a -piiit daiiijt .ot i 
<tnc j>ujt of in< thvl,t;< d -pint v. htn K . 0 I ) 

6, — A 1 »<I 1 jar, r,., tap dr to 10:, 'on thr |h/,- 

plmrus, 5./ 015 

12. -~Ap}>aratus for <lc»..<rrnpo>in;' w.it'.r tiv vlrttr: 0 \, 
with two collecting; IuIh n and wir- to s«»p« o I 

them 020 

A 4-ccU Grr'vc’s hatlriy, in woo Imi fray, wt'li 

wires 1100 

14. — Glas» niurtar and pe .(k*, ica/, , j;a'. eprouvcftr, f*,/, o 1 

15. — Flask, &c. for griieratwii; hydr<»gcri 'i 1 C 

Stoneware pneumatic trough, with iHtduvc sh' If O 2 H 

Four widc-mouthc<i gaj»-cc*llectiog f>oltlcs, pm? 

sire 014 

Three stoneware ga» Ira , s O o 0 
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No of Price. 

KxpU jC 1. 

20, — A j>int flask, wash'boUlc, two (J -shaped calcium 

chloride tiil>c 5 , and hanl glass tulrc to contain 

the copper oxide 040 

21. — Two 8-oz. slop}>cred glass rct<jrts ..... o I 6 

A retort st.and, wiih three rings, and c!.iin[» for 

test tubes, cS:c 056 

23.— A porcelain evapor.itmg di-h, is. (u/.^ 

4-oz. tlitto, 8//. 022* 

25.^ — Two 3 -in. glass funnels, 6 ./., ICO filter-papers, <>/, o i 3 

31. — A horseshoe magnet 004 

32. — A palette-knife 006 

37. — A piece of iron wire gau/c, six inches s<ju.uc .003 

42. — Iron tray or sand bath PO4 

44. — One dozen 5-in. lest Uil>e>, n., lest lube 

holder, 6*/. o I 6 

Test lube stand for twelve tube i o l 3 ^ 

C)nc blowpi|>e, lu, two (ilcs < round .xiul iri.in- 

grdar), If. 024 

Half a pound of gta^s tubing, 0./’., two tUecn 

fcparc corks 6.f. Q I o 

Amounting to JC 5 $ 

ClIKMICALS, vVc. 


ouipnunc aciu . • 

4 io:>. 

Nitric acid , . 

3 0 

Hydrochloric acid 

2 

IJmc->\Titcr . 

1 pin! 

Ammonia (solution) 

4 ...u 

Caustic |H>ta^h ,, 

4 0 

So-lium car- 


l>onate ,, 

4 0 


IVtaiU^ium chro- 

mate 4 „ 

Potassium fer- 
rocyaiiidc „ 4 „ 


r'-.jvci iiuraie \suiuiraii; 4 oz. 


Litmus ,, 

4 M 

Indigo 

4 

Calcium cldorMle 

8 „ 

Mat hie .... 

S ,, 

lorn filings . . , 

8 

Lime 

4 .. 

(,iy|>sum .... 

4 .» 

Stourbridge clay 

4 .. 

Bleaching powder . 

4 0 

Manganese dioxide . 

I lb. 

Soda crystals . . . 

40 *. 
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Alum 

4 

Sodium carbonate .an- 


Sulphur roll . . . 

4 .. 

hydrous .... 

1 07. 

,, flour . . . 

4 .. 

Phosphorus, yellow . 

1 »i 

Potassium nitrate 

4 

,, led . 

4 

Zinc 


Tin oxide .... 

i o 

Copper turnings . 


Mercury oxide . 

J • • 

„ oxide 

2 », 

Potasdum 

1 tir.un 

,, s<,d])liatc . 

" .. 

Sotlium .... 

I .» 

Antimony .... 

- .. 

(ioldlenf. . . . 

0 leaves 

Mercury .... 


Magnesium tiMKui . 

J yur<l 

Lead acetate . 

- 

I.itnius p.ipij . . . 

1 bo< »k 

Castor oil . 


Charcoal .... 

I pltLC 

Caustic soda (iolid i . 





Ainouniing to 


in BattUi. 


O » o 


LIST ul- 

Aluminium. 

Tm, 

Lead. 

Silver. 

Bar irt>n. 

Cait ir^m. 

StccL 

Galvanized iron. 

Iron ore. 

Iron oxide. 

Iron sulpiiao.. 

Bronze, 

Bra^ 


Sl’id 

' 1‘|15 «’OlSC. 

(ialcnx 
/:nc Idcirlc. 

\\ intc ^ind. 

l:.d „ 

I ,.Lt. 

C »i.H*ltit«r. 
l;<Kk will. 
Sfirlmin oalj li •' : 

fotiatv. 
Uk/nc aaIi. 
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Limestone. Potassium chlorate. 

Magnesium sulphate. White lead, Red lead. 

Potassium carbonate. Litharge, 

Amounting to £o T o 

Messrs. J. Wooi.l.KY, Sti.N.'.. •V to, aiul Messrs. MoitkRS- 
lIKAU iV <■<>., iKith of Manchester, am! Messrs. (IkiKFiN iS: 
Sons, (iarrick Street, and Mr. \V. SlArHANf, lllj, Strand, 
J/Ondoiv, will supply the ahove-cmimernted apparatus, chemicals, 
preparation.^, and specimens, packed in a Ij<^x with lock and key» 
for the sum of lor. 



qim:sti()ns. 


! 1‘irc 

1. What haj)|>cns uIkm ;i taper is in a than p,l.r»* h«.(tlc 

with a narruw neck ^ 

2. liuw can you 'how that the atr in thi- U.tth after t)»c tn|K r 
hai» burnt tn it is not tlii- s,\inc as it wa . fwhne thr taiici \va\ 
burnt ? 

3. What In the nulktn(''<s j)f tin* bnu' w.itrr <ansei| by ? 

4. Ilrtw can Colour Ifs, i.hIhuik .u I'I jfe* distin^Miisht >1 f|oin 
Colourless air ? 

5- Where ti»>csthr carbonic arni jj.is ulncli i> fon)',»<l when thr 
lajxrr burns cotnc from i 

6. How can you show that tailw»n, or soot, (>i ehan^uit tan 
Ik.* got from the wax of the c arellr *' 

7. Hcscribt* an cx}>rnfnen! to show that water cm Ik* otitainrd 
by burning a camllc. 

8. W'nte out four thm*; you have h-arnl about a carnlle 
burning. 

i). W'hy <fo you cotulu‘le t!;at tbe wav the » ■'n I'c haik not 
been lost or dcsiroyerl, liUt has only chanpe*! ttv form ? 

10. ("ouhl anylxKly have h«r#l<'h! that fix wax wrmhi change 
into two totally <i|jffercnJ >!ih4aii<es when tbe r aiHlle biini'? ? 

11. ifow tlo jK.*oplc le.irn alneit these things 1' 

12. Why is ehernistrv lalhvl an ex|H-nnirnfal ^ i« le e i> 

§ II. Fire 

I. W'hat becomes of all the coal which you may heap on the 
fire all day long ? 

2- Describe an experiment to prove that the carbonic acid gas 

CMEii.] 
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ami the water coininjj off from a burniiij' candle weigh more than 
the candle before it in burnt. 

3. Ilow' can this be explained ? 

4. Give some example:^ of tlicmical union. 

5. What li. oxygen gas, and where is it found ? 

6. What general truth rcsjHrcting the loss or creation of sul>- 
stanccs has Inrcn found out by further exj>enmcnt? 

7. Explain liow you would show that when chemical union 
lake* place hent is given off. 

8. Why does (jujck-limc l)ecoine hot w hen water is poured 
uj>on it ? 

9 What liaj>pens when bright copper turnings and yellow 
sulphur arc healed Oigethcr in a tloiik ? 

10. Wlvat is the black sulistancc found in the flask after the 
ex|K:riment ? 

11. What i.s going on when a h.ayritk is burning? 

§ 111. Air. 

1. Wh.it is wind ? 

2. How can you show by experiment that there arc two kinds 
of invisible gases contaiiKtl in the air ? 

3. W'hat n.Tines have Incn given tn these? 

4. 111 what pioj*crties th> these gases differ from one another? 

§ IV. Air. 

1. Which of the component gaK's (‘f the atmosphere is UBtd 
by animals when they breathe? 

2. Ho men t*r ammaU prinlucc any chemical changes in the air 
wliich thev brcalfhc ? 

3. Explain a ximple cxpc‘riment to show that this is the ease. 

4. What hap)>ens to the oxygen of the air when it is taken up 
by the bluotl in the lungs? 

5. How can you sh<»w that a piece of animal flesh contains 
cat ixm ? 

6. Why is the animal Intdy warmer than surrounding inatii* 
mate objects ? 

(I V. Air 

I. How can you prose that eailnui i- eoiUaiiic<^l iii vegetable 
matter ? 

a. Where do growing plants obtain the carlion which they 
need for their grow th ? 

3. Wlimi hnp{)ai& wlicii some clear lime-water is ]K>urcd into 
a siiallow glas>, and allowed to Sftapd for a few minutes i 
to the air ? 
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4, What purpose does the caihonic acid ^ w serve which is 
containetl in the air? 

5, DescrilH.* an experiment to slum- that plants have thep<»wci 
in presence of sunlifj;ht of tlcconipusin^ the c.uIhmjjc acad of tlie 
air, sotting free the oxygen a gas. 

6 , What is the difference as regards breathing between plant » 
and animals ? 


§ \'I. Water. 

I. Name the three dilfeiviit -.talr. oj l indili<itt> in \>)j»v.h 
water is known to us. 

* 2. If We send heat into ice it melts mt-j wate'r, and if the 

heal continues longer it t.utses the water O'b'nl. \\ li.tl fiappriis 
when we send a stream <4 electricity l)iii*ngh tlu* water? 

3. Draw a sketch, of the appaiatns lucd l-»t deioinjuising 

water. 

4. How can you tell whnh of the twi> {vucs is oxygen and 
which hytlrogen ? 

5. fan hydriigen be got foen w.afer b\ other me.in ^ ? 

6. What h.'i}-j>tns when the niet.d pot.issintn is f!.:.j.\n on to 
water ? 

7. I low can the liydrogvn t!iu> cnolve) !»" l og-.tr h and how 
would you asccflam ih.at the g.u is hv.hog. an 1 n *’ oxygen.** 

\ 11 Water. 

1. How c.jfi hsdregen }»e olcaiie I l y the .i':*.on of /iiic, 
.sulphuric acid, .and w.Je: 

2. What wxHild >o'.! <h> Mitli two | .r Ij!!- i with hydrogen, in 
order to fihow that this gas bnin , .and 1 lighter ih.in air ? 

3. What is formed w hen hydrogen l ,;rns and how can you 
cxjxerimcntally pr«*ve your assertion ? 

4. How wsjuld you prove tfiat no caiUnjL .an 1 g.j» is forme I 
when hydrogen burr. » m the air 

5. Draw a jikeleh of the a|*;aiatu* used in makitig hyilrogcn, 
and collecting the gas in Iwitth .. 

6. Does water cont.iin anything rl- - oxvgi n utd )iydrf»grn ? 

i \ IH. Water 

1. Draw a sketch <if a p»air of scales <,r a Udance 

2. What happenv when hydrogen ga» is passed over hcatetl oxide 
of copper? 

3. Describe the airarjgcment of an apparatus used for deter* 
mining the composition of water by weight. 
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4. How can you slio.v by experiment that water contains 16 
{•arts by wcij^hl ol oxyj^cn Ui 2 parts by weight of hydn^cn ? 

5. If yr)u have once accurately ascertained the chemit^ com- 
position of water, is it necessary to do so again at any other 
time i If n<it, why not 

g IX. Water. 

1. Wlial is tlie diHrteiu'c lx‘t\ve< n fresh spring water ;nvl sea- 
water ? 

2. How can yon get the salt «*ut of sea wait i ;* 

p Wh.it plan \\i»nl(l \ou adopt foi getting fresh or drinkable 
water fiom sea- w ale 1 f 

4. DesenU' a more delicate lest tor sa't in water than your 
sen e of tast<' 

What i meant by “solution*’ and “ ci y talli-tation ” 

(). What h.ipjHMis when alum athl sulphate of copper crystals 
aie dissolved in water and the solution evajxiraled ^ 

7 How would you irll whiili ( lystais ate alum and which 
sulphate of tt'pjx 1 ? 

§ X. Water. 

1. How does the rain get up into the c louds > 

2. Why ilocs the moisture wlicn once it is up in the sky stay 
there ? 

p W hat reasons havi* we for saying that rain is di^illed water? 

4. Where <hH-> c'vcry drop of runnmg water on the globj conic 
frv»m originally ? 

5. llowr (anyou s«*naiafe s.uid or dirt fiom M.a(ei ? 

(>. What r-j me diMcuMuc In tween .siis|M ndof 1 and dissoivisi 
matter ? 

7. If sugar <u .salt i^ shaken up with w'aler, what happens? 
Can the salt or the sugar Ik.* again se|ranitcd by filtration ? 

8. How can you tell whether a water is “ M>fl ” or ** hard '* ? 
Is rain water ever hard ? 

9. Htnv can soft water Ik: made hard by gypsum ? 

§ XI. Water. 

I. If yon blow the air fnrm your lungs for a long time through 
clear lime-water, what happens? 

a. Why docs the milky lime- water in the above experiment 
again become clear ? 

3 How can you show that this clear water contains chalk in 
aolation ? 
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4. By what means can chalk- vv.nci he sufunr l nn a larcc 
scale ? 

5. Iliames water and Trent water arc* lK»t)> liasd. In what 
respects do they ditfer, and how do you e\}tlajn tliK diflncnce 

6. Why i.s a >oIid crust or >caic olicn ftauid m kdtie, and 
Iwilcrs ? 

7. Wliy is wtll-waler ohlained in lo\\n> ti.ually utihf lot 
dririkinf; purposes. 

l\. How .-frc larj^e towns supplifvi wills p>od driukinj;-vsat«'i ? 

9. How do tishc’s obtain the ovy^jen uliuh tin y neeil ? 

10. Why does a hsli soon du* if piiutil m told walet whu)j 
*has lx;cn well boiled and tu>t cxjwiscd t<» .ui ■* 

it \ll. Earth. 

1. How d»> we kiuiw that the m>idr nf ilie ewth is luu 
enough to melt nx-ks .*• 

2. What is the cause of the '•Imbblin^” when Itydroihlot u 
acid is pouretl on to chalk ? 

p How can you show tliat the b<tl!lt in evpruri;» ut 29 betomr 1 
filled with carbonic ac id .•* 

4. How c:an chalk lx- ciuivertcd into «juu k liinc ^ 

5. Explain why chalk is called a <.hcMnical coinpouiid. 

8 XIH. Earth 

1. Descrilie an cxjvenrneiit, and sl,et< li the appnt.alu * em- 
ployed for the preparation of oxvj^en boin o ti int nuT\ oxide* 

2. NVhy Is th'.s reel |M.wder c abed cold* ol niro jirs, or iucm uty ■ 
oxide ? 

3. If you had 2lb ounces of mercury 0x1 le, how manv 'ainces 
of mercury and of oxygen c*Kdd ycni <*b!;un. piovtch-d, of e«*ur*e, 
nolhinc was lost in the opcrati*>n 

4. What Ls meant by oxidation ? Hive some famihar exarnph'x 
of oxidation. 

5. Stale how you would prove cxjurnmenfally ilut iron fiecomcx 
heavier lay rusting. 

6. Name several cxperimcni.x to show that meuK arc contained 
in many earthy sulrslances. 

7. I low can you get metallic lead from w hitr “ xugar of lead,'’ ? 

S XIV. Earth. 

1. Where ti coal found« and how iv it got ? 

2. How do you know that plants base Iceen buried where the 
coal is foand ? 

3. Why do you conclude that coal contains carbon and hydrogen? 
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4. How can you make c<ial-j^as in a lolKicco-|ii|>c ? 

5. How is coal-j^as made on the larj^c scale, how collected, and 
how distrilniled throughout the towm ? 

6. What IS left l>ehin<l in the toliacco-pipc or * retort ’ after 
the coal-gas lias come oH ? 

7. Why dt) some kinds of coal yield more gas than other 
kinds ? 

8. What else hesides gas i. given off in the distillation of coal ? 

9. Write a short essay on the uses of coal. 

5; XV. Earth. 

1. W'hy docs the flame of hydrogen emit no light, whil.st that 
(jf coal-gas IS luminous? 

2. Look at a candle-flame, and make a drawing of the several 
j»arts. 

3. In what respects is the burning caiulle like a gas- work ? 

4. How can y<iu show that the dark cone insitle a candle-flame 
is tilled with unliurnt gas? 

5. What causes the dre.nliul evplosi^.ns in coal pits ? 

<1. I*’-xplain the principles ihhui wlncli Davy’s safety-lamp is 
ba'-ed. 

7. Draw a picture of a Davy-l.imp. 

§ XVI. Elements and Compounds. 

1. Define and explain the terms, “.Simple IhKlies or Kle- 
ments,’* and “ComiHKind lUnlics.” Give examples of each clo&k 
c'f substances. 

2. How many elementary IxMlics <lo we know of? 

3. Wiitc iiown the names of the more im{>ortant elcmcnt.s 
dividing them into mclal> and non-metaU. 

4. I>i» tlu>sc elements which most ch»ely resemble one another, 
or those which show the greatest difference most readily combine 
together ? 

^ XV] L Non-Metallic Elements. 

1. Mention the chief pro|iert ics of oxygen gas. 

2. How can it Ik' rcaibly obiainol? 

3. How would you show that the substances formed when 
sulphur and phosphoiaus bum in t>xygeu arc acitls? 

4. l>oes hyrlrt>gcn exist in the free ktate in the air? 

V How can you thow iliat hytlrogen Is lighter than air ? 

6. Three jars containing colourless gases arc given to yoa : 
how will you tell which jar contains oxygen, which air, and which 
hydrogen? 
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7. How can you obtain nitrofren from tlif air ? 

8. Name some compounds coiuaininj; nitrogen. 

9. How is nitric acid prepared ? Whal arc iU properties ^ 

la Explain the words acid, alkali, and salt. 

11. If the alkali potash is mixetl witit nitric acid, what is 
formed ? 

12. How can you prove that diamond is carlxin ? 

13. By whal cxjwrimcnt can you show ih.!! while sugar con- 
tains black carbon ? 

14. What would be one result if the element carlit^n haj not 
, existed on the earth ? 

g Will. Non-Mctallic Elements. 

1. What elements .art: contained in okW salt. 

2 . How can vou get chlt>rinc from commi>n salt ? 

3. .Mention tlie chief proj»crtic*s of the element ddoiine. 

4. How wouKl you show that white bleat hiiig |H»wdcr cont.iiM'i 
chlorine ? 

5. What <lo you n<itice when a ]>iiuh of yellow sulphur i* 
heatCfl in a sjioon over .1 flame ? 

6. Why is sulphur u^vl for making gunjwwder > 

7. Name several common sub%i.ince!* whu h ctuii.ain sulphur. 

8. Whal IS the thcmtt.il coinjio'onim of burnt b>nc ^ 

9. How do you know that ph«»*phorus can exist in two forms ? 
How do lhc*se differ ? 

JO. Why lA phosphorus ii^cd in the manufacture of lucifer 
matches ? 

1 1. Why do the * safety matthes ’ only hght on the ? 

12. Whal is rock crystal m idc of? 

13. How is glass mule, and wh.il d«>c<* it contain .* 

$XIX. Metalf 

1. Name some of tire most imj>orlant uses of n</n 

2. What are the special uses of wrmight ironan^l of cast iron ? 

3. How is cast iron matlc, and how floes it differ chemically 
from wrought iron ? 

4. What 15 steel, hfm' u it made, and what arc its chief pro- 

5. What happens if flilute sulphuric acid is {wiurctl uikjhi if<»ri 
filing!? 

6. How can you show that green sdlriol, or sulpliate of iron, i» 
formed tn this process ? 

7. Whal is toe name of the metal contained in clay ? Name 
inocber sobsUnoe containing the same metal. 
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8. What i-* the chemical composilioii ot (i) quick-lime, 
(2) marble, (.p jy'psuni, (4) l><>ne railli ? 

9. How is calc'ium c:hlori*le made ? 

10. Write down what haj>pciis when a solution of calcium 
chloride is mixc*d with one of stxliuin carbonate. 

11. What is formed wlien magnesium riblnm is burnt m the 
air ? 

12 . How can you get epsum salts from the white powder got 
l)y burning magnrsium ? 


t; XX. Metals. 

1. Why must sodium be kept under rock -oil ? 

2. What happens when sodium is iicatcd in a spoon in the air? 
i Write down a list of .some of thc^ sodium com|)ound.s, giving 

their common names, chemical names, .'xn<i what they contain. 

4. Where do< rock .alt occ ui 

ij. What happen-, when we pour sulphuiu acid on to common 
salt ? 

b. What is the n.ime the metal containetl in the alkali 
jHitash ? 

7. How i-. soap made W hat is the diffcicncc between soft 
and haid soap , ^ 


? XXI. Metals 

1. What «lo the comimm ** t»ies ” of copper contain? Name 
s^>nie of the u-.es of cop|K*T. 

2. How can Wpper nitrate be obtained ? what is its colour ? 

3. What happens when copper is heated in the air ^ 

4. What is the name of the common ore of zinc ? 

5. What Is zinc used for ? What is its colour, and that of its 
Mills ? 

<>. How can crystals of zinc sulphate l>e obtained ? 

7. What is tm usctl for ? 

8, What IS a bUwvpqH-. Ifow Ci>uld you get a globule of tin 
from some e»f the }v»\\dered eaitln tin-ore? 

f). Where is lead-ore foiiml, and what is its name and compo- 
hilion ? 

10. What is leaxi ? 

11. Name .s«*iiie of I’m- iijiefiil com ihi nr nds of lead, 

12. What is the chcmicAl name of svhile lead, red lead, ajid 
hUiek lead ? 

13. How does roeren y differ from all the other metaU? Why 
U it called quicksilver ? 
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14. How can you prow that a sixpence cjnlains both silver 
anti copier * 

15. \Vhat j^reai advantage has gold uvet silver in its use as an 
ornament r* 

§ X\n. Results. 

1. How many ounces of water, ;il least, must 1 take to 
2 ounces of hy<lr«*gen * 

2 . If I heal 216 ounces ol it\i»le t>f mcrcinv, wh.jl is i)u* laigesi 
jKissible (juantity t>f (1) metcuiy, ami of ( 2 ) t>x\gen, which I can 
get ? 

3. What I the combining vxcight .*1 o\\gt*u, .in<l wh.i! that <»l 
ineicnry ? 

4 Write down the cliemnal hnmal.e for (i)imuur\ ovule, 
(2) lime, (3) watei, (4) sulphmu acid, (<;) mtin ai ul. 

5. N meaning 14, and (> meaning 16. wnic dovui the lonnnl.e 
of the five ovules (»f nitrogen vvnh whuh wean ;u ijii. unled, giving 
th< 11 ( «»mpt»sjtu»n by weigit' 

(i. Write down the c hemu d n |>tes( :f mg the changes 

which take place when sulphuiu .u id .itts on min 

7. If I want 63 lbs of miiK ;hu 1, wli.n 1% the h i ( ^piantii) of 
sulphuric nud and nitre which I must umj |ov ^ 

IH. Show' by an e<juatu»n that if I f.ik* o^ dts of /uu und mS ibv, 
of sulphuric acid 1 must alwavsge' 2 bo ,<f he in . < n t » i<*l lbs. 
of zinc sulphat<‘, if I lose none 

9. ( alcnlatc the prixenfage tonij-esnum ot HNO|, 

H^S( >4. KNo,. KHS‘ 

CtIKM.J 


THE 



SCIENCE PRIMERS. 

UNDKR TIIK JOINr FUITOR*iHIP Of 

;7 iYV/.s.sy>/v‘.v nrx//:\\ avwyv:, axp 

liA/.riH'R s'7/:n\JA^T. 

INTRODUCTORV, By Prof. Huxi.ky, F.R.S. 

[Xrar/^ reaJv. 

CUKMISPRY. By H. K. RosroK, F.R.S., Professor 

f‘f ('hrmi'*!ry m Owct»^ Maiu hcstcr. i8mo. Jllustratcil. if. 

With <^>iirM»ons. 

PHYSICS. I^y IVm.kour Sti.w.\rt, F.R.S., Professor 

(if Natural Pliil- n >i>hv >n Owen*. Mamhc'.tcr. li^ni >. Uluv 

tratcU. iJ. With (jurstu tiN. 

PHYSICAL r.E()(;RAPHY. ByA. C.kikif, F.R.S., 

Murchiwm I’lofrv'mr of ( .<• >l■•Ky .»n<l Mineral jjy at Ktlinbur^h. iSoiJ. 
illuMrateU. u. With t^hicNti ui*. 

C.EOI.OGV. l!y Professor Gfikif., F.R.S. With 

iiunieruuN Illustrations. i3ikv. ii. 

PHYSUM.OGY. By Michari. Fostru, M.D., F.R.S. 

With numcrou** iM. iwinn ts 

.\STRONOMY. P.y J. Norman- I,<x-kver, F.R.S. 

With numerous ltlu«tratt«>n<i. iSm.*. ir. 

BOTANY. By .Sir J. D. Hooker, K.C.S.I., C.B., 

F.R.S, iltno. Il!u3itr.iirJ. ir. 

LOGIC. By Professor Stani.e;v Jevons, F.R.S. 


WLITICAL FXONOMY. By Professor JevoNS, 

F.R.S. iSmo. u. 


MACMILLAN AND CO., LONDON. 



JAMES WOOLLEY, SONS, AND CO., 

69, MARKET STREET, MANCHESTER, 

gealers in (CbtmicaitC^ll^gsifali^jjparafus. 


BALANCES, ASSAY & VOLUMETRIC APPARATUS, 

P[/K£ CI/PAf/CAlS, TEST SO/A/ r/OXS, 

BOTTLES, LABELS, AND EVERY REQUIREMENT. 


SET OF APPAR.ATUS, &c., 

As required for the Oxford, Caml»ri<ii;f', and South Kcnxinjjton 
Kxaininalion.'i, 

Appointed Agents hy the Science and Art I Vjartment for ll»e 
fUpply of Anjiaratus to Science Teacher'* an 1 olhen to wh‘»rn 
aid it grantc<i. 

/V/Vr /.is(J fcfzearAed on o// i -r/uor. 


The Set or Aitaratus, Chemicals, ice, required for 
utc with Profeitor Roscoe’s Chemittry Trirntr, price iol, 
will be deUrered to any Railway Station in England on recelfK 
of remittance or reference. 

May alio be obtained from Meun. MacmH-I^am and Co., 
Bedford Street, London, PublUheTi of the Pniner. 



HISTORY AND LITERATURE PRIMERS. 

Edited by JOHN RICHARD GREEN. 

Ill cl 4 >th, 1)1 i<< i.f, cadi. 

HOMKR. l!y tile Right Hon. \V. R. ( Ii, tiisroNn. 
KNGl.lSH GRAMMAR. I!y Ur, R. Mokkis. 
IllsrORV OR ROMR. I!y M. Cm mu niN, NRA. 
msrORV OR GRRRCR. I'.y C. A. I'vFH:, M.A. ' 
RNGRISH RITRRATCRR. Rv the Rev. Srni.- 

Fr»UI> UK' M .KF. M A. 

m.'^TORV OR RCRORR. I'.y R. A. Rri iman. 
GRRRK A\ l'l(jCl riRS. I’.y I’l.d. M miah v. 
ROMAN AN'I'Kjl l I J RS. I’.y I’rof. A. S. Wii kiss. 
CRASSIC AR Gl.t tGRAl’MV. liy il. R. To/kr, M.A. 
GROGRAl’KV. Ry C.M.K'.r Gt;<>vi , I'.R.G.S. 
CHII.DREN'S IRRASCRV Ol l.VRIC AL 

IMKTKV. lly F T I'AI.C.KAVK In I,. . f.m.. e.uS ii 

SHAK.'^RI'.RE Hy Trcf. Unwi.iv. 
rUll.ttROC.V, liy J. rnii , M.A. 

GRRRR l.i rRRA l L RR. Dy Prof. R. C. Join. 
RNGRISH GRAM.MAR RXRRGlSliiS. Hy R. 

MORRIS. I t. 11. Ana ll. C 11 iWKN'. M A. 

FRANCr:. By Charloo e M. Yongf. 

ENGLISH COMPOSITION. By Prof. Niciiou 


WACMIl.I..\N AND CO., I ONDON* 














